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Now  complete  in  Two  Volumes^  containing  over  Four  Thousand  lUuatrationSf 

APPLETONS'  DICTIONARY 


OF 


MACHINES,  MECHANICS,  ENGINE  ¥ORK, 


ENOINEEBINO. 

Price  Twelve  Dollaf9-~9tr<mgly  and  neatly  hound. 

No  work  like  the  one  now  offered  to  the  public  has  ever  originated  here ;  and  of  the  foreign  works  re- 
published, none  occupy  the  same  ^und,  or  exhibit,  in  the  slightest  degree,  the  state  of  mechanical  arts  in 
this  country.  This  dictionary  is  mtended  to  present  concisely  and  compendiously  the  details  of  Taluable 
machines  in  actual  use,  the  laws  of  matter  and  their  application,  the  construction  and  proportion  of  parts 
of  enc:incs  and  mill-work,  together  with  the  most  succiessful  and  useful  examples  in  en^eerinff;  to  show 
the  advance  of  the  mechanical  arts  both  here  and  abroad,  to  define  their  exact  position  at  ttie  present 
time  as  for  as  possible,  but  more  particularly  in  regard  to  machinery,  to  make,  as  it  were,  a  **  World  In- 
dustrial Exhibition"  of  useful  madiines,  and  a  record  of  their  application.  For  this  purpose  the  editon 
have  drawn  from  the  publications  of  all  countries  distiimiished  m  mecham'cal  pursuits.  Care  has  beoi 
taken  in  the  selection,  to  admit  only  such  as  are  ooosidered  standard  and  practical '  Neither  labor  nor 
expense  has  been  spared  to  obtain  original  drawings  of  machinery  in  practical  use  in  this  conntry ;  and 
great  economy  in  type  has  been  used,  so  that  the  letter-press  is  sufficiently  voluminous,  whUe  at  the  same 
time  it  has  secured  to  each  plate  working  drawings  of  such  ample  extent  and  clearness,  that  a  mechanic 
will  be  at  no  loss  to  construct  accurately  an^  xnachine  descrioed.  The  Publishers  flatter  themselves, 
therefore,  that  the  work  will  be  found  to  furnish,  in  the  readiest  possible  manner,  accurate  information  on 
all  the  subjects  which  it  embraces. 

It  is  more  directly  intended  fcnrthe  practical  working-man,  and  for  those  interested  in  industrial  pm- 
suits ;  but  to  all  classes  it  will  be  found  important  and  instructiva  It  will  show  how  fiur  the  world  nai 
progressed  in  mechanical  science — ^the  science  of  automatic  labor,  the  science  which  is  destined  to  raise 
our  country  to  the  most  elevated  position  in  the  world,  to  ennoble  the  mechanic  and  artisan,  and  to  eztoid 
and  diffuse  knowledge; 

The  cuts,  to  the  amount  of  about  four  thousand,  the^  do  not  hesitate  to  present  to  the  inspection  of 
the  public,  as  unsurpassed  in  works  of  this  kind  for  their  beautv,  clearness  and  intelliffibilify. 

Such,  briefly,  are  the  general  features  of  this  work ;  and,  in  submitting  it  to  the  approbation  of  tliepablie, 
the  publishers  may  be  aUowed  to  say  that  they  have  left  no  means  untried  to  secure  its  completeness  and 
excellence.  Many  o(  the  articles  upon  subjects  connected  with  American  mechanical  interests,  are  en- 
tirely original.  It  has  been  conducted  by  editors  of  the  highest  ability  in  their  profession,  who  are  pro- 
ficients in  all  the  brandies  to  which  it  relatea 

The  following  genial  Index  will  furnish  some  idea  of  the  vast  extent  and  comprehiBiniyeiiesa  of  its 
pages: 


Almexak 

Absorbing    snd     Ftodwddjt 

Cascade 
Acceleration. 
Affinity. 
Air  Kscapei 
Alr-Gan. 
AIr-Valv& 
Air-voftwL 
Air  in  Motion,  or  Wind  snd 

Wind-Mills. 
Alr-Pumps,  in  general 
**        Eknkkdt's 

zontaL 
**        Double  Cylinder. 
Alr-PIp<»,5. 
Alarm,  Fire-Dama 

*"     WhlsUa 
American  Steam 

Machine. 
Anchor. 
Anemometer. 
Annealing 
An^  Deflnittak  ot 


Hofi" 


Animal  Einffdom.  VatitlaTs 
from;  as  Ponsekaona  and 
Naereons,  Shelly  Bones,  Aa 
Horn. 

Tortoise-shelL 
Irory. 
Anthracite  CoaL  , 

Aqoednct,  Wire-Siupenaion. 
Aqaedncta,  Modem. 
Aqaednct,  Croton. 
Axtchimedean  Boiler-Fomace, 
and  Self-Acting  Stem  Pro- 
peller. 
Artesian  Wdls. 

M  «        GssmLLB^S 

Boring  Aparataa  oC 
Anger,  Ship  Ganebter^ 

ImpfOTii 
AngerSi  Msohinetf  ibr  ma/» 

**    DoaUe    nd    Binds 
Twist  ^^ 

Anger  If  adifaSL    . 

Antifwnsttf  THt*4*^  '^^•^''f'^ti 

1 


AxleQresae. 

Ailes  for    taming   narrow 


Axles,  Yibrailng-Boz^  tat  I40- 

comotlvea. 
Axle  and  Wheel 

Backwater  or  Scorning  Power. 

Ballast-Wagon. 

Ballasting,  or  Metalling 

Balnstiaae. 

Bar. 

Barrel 

Barrow. 

Baie-Ltns& 

Bath-Stonea 

Batter. 


Beetie. 
Bench,  or  Bern. 
Beetltiur  Ifadi 
Beneh-laariui 
Baton. 
Belting: 


Blram^a  Tell-TUei 

Blasting,  nndcrwatet; 

Blast-Famaee^ 

BlastrPlpea 

Blasting. 

Block  MariiiiMiiy. 

Blocka 

Blood. 

Bloom. 

Blow-Plpe  Analyser. 

Blowing  Machinal 

"         "        orAlr-FsD. 
Blow-Plpeu 

"*     **       Da.  HaxbIs  Hj- 

dro-oxygea. 
Bobbinet  MacUnciT: 
BoUer-Plitei^    MseUae    for 

Pnaddni^ 
BoiIen»  Yariettos  of,  sad  eir- 

^wiypW^nm;!^  sttending  their 

use  snd  euustruotioB. 
Boltinft-MIIl  te  Hoar. 
BotaTlrQa. 
Bolstem 
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Bond* 

Boring  Machine,  Yertlci^by 
Me«ra.     Nasmtkb,    Qab- 

MMLL  k  Ca 
Boring  llMhbMb  Gr««t,b7tbe 


Boring  KMblnOrertlcaL  by 
Me«ra.  BzKJ.  UiCK  *8ov. 

Boring  Toobb 

Bow-string  Bridgo,  or  Ten- 
sion Bridge. 

B»ake,  or  Oonroy. 

Bm  Bepentor. 

BreelLwater. 

Breakwater  GlacK 


BH&.MMhlneb 

Uek-Maklng. 

Wdgci. 

gwmiing,  ImproTements  in. 

Bailing  AppwatnflL 

3iill«t8»   Mannfhctnre  of  by 

ronins. 
Bimg-Catdng  ICachine. 

PtttUm  Machlneiy. 
^ynienaph,  or  new  Propor- 
tlonal  CompaaeeB. 

[MWnder,  withflTO  Bollcn^ 

OUIender. 

Datteo,  IfjMblna  for  Printing 

In  Ibnr  Golem 
"^iHliit,  Wax. 

**      Btearineb    Mano&c 

tanoC 
Oannona,  or  Great  Gvna. 
Oarding  Engine. 
Oaak-GMginiL 
Oaating  and  roondlni^ 
Centre  oTOniTity. 


Older-Mill  and  Preaiw 
GtrenlarSew  Ibr  oittingYe- 

neeriL 
Cloth-Sbearing  Maebine. 
Oondensing      Machine,     by 

HmMir  k  Mrohxli. 
OoiniBg  Mafihlne. 
Ooonecting  Crank. 
Oooway  Tabalar  Bridge^ 
OothSmnner. 
Oom-MUL 
Ooal,  Anthracite. 
Oom-Sbellec 
Oonnter  Propor 
Cracker  Machine. 
CHoe^MoTeUe. 
Gtane,  Foondry. 
Cutting  and  Gnrring  Machine. 
Cutting  Toolib 

Deal  Sewing  Machine. 
Derrick,  Stmie  Layini^ 
DlatlDatioD. 
Divlng-Bea 

Docking  SUp^  Appantos  fbr. 
Dredging  Machine. 
Dredging  and  Baieing   Ma- 
ehmeu 


Dreaaing  MabUiMi. 

Dreaaing  MiUatOMib  Machine 

Ibr. 
Drilling  MacfaineaL 
Drimng  MadUDO,  YecikaL 
DiyDoek. 

3>ynamoinetric  Crane. 
Dynanunneter. 


SleotrieClodL 
Xleetro-MetaBi 
Elaetxo-MotlT« 
lecti 

tab 


Meteliufgy. 
-MottTsKogfaie. 
-Ma^Mtlo  QrB-8«par»- 


&BbaBk]iMita»  MoraMa  Mb- 
dilnt  fcr  Bfacittngi 


SnglneB,  Details  oC 
Pomplng  Eoglneb 
Botanre  Endnea^ 
The  PanJieTMotloo. 
Marine  EnginesL 
Boilers. 

Locomotive  Engine. 
Flre-Box. 

Smoke-Box  and  Chimney. 
Framing. 

Steam-oomc^  pipes  and  re- 
gulator. 
Si^ty-Val?es  and  Fosible 

PlUML 

Cylinders  and  Yalvea. 

Wheels. 

Cranked  Axle. 

Connecting-rods. 

Eccentric  *  EoeentrteHrod 

Yalre  motion. 

How  to  set  the  Yalvea  of 
Looomottvee. 

Miscellaneous  Hemarks  re- 
specting Locomotivesi 

Bnlee  for  Calcolating  the 
Parts  o£ 

YarieUes  of  the  Steam  En- 
gine. 
Engraving  on  Copper. 
**        on  Steel 
**        on  Stone. 
*        on  Silver  and  Gold. 
••        on  Wood. 
Envelope  Machinery. 
Etdiln^^ 

Fan. 

Falling  Btocksu 

Felloe  Machine. 

Felting. 

Files. 

File  and  Basp  Maddnei 

FUing. 

FiltraUon. 

Fh^Annihilatot. 

Fire-BrickiL 

Fire-Englnes. 

Flash-BoardSL 

Flax,  Machfaicrr  fhr  Prepar- 
ing and  Spinning. 

Floating  SectionalDockflL 

Floor-Cloth. 

Fly-WheeL 

Focus. 

Folding  and  Meaanripg  M** 
chine. 

Foroe. 

Forge. 

Forging: 

Fortification. 

Foundations. 

Foundry  Crane. 

Freesing  Apparatua 

Friction. 

Friction-RoUerB. 

Fringe  Machine,  ShawL 

Frog. 

Fulcrum. 

FnllW 

FuIUng-BliU,  for  Cloth. 
Furnace. 

**      Beverberatory. 
Fusible  Metala. 
Futtock,  or  Ship  Timber  Con« 

vertingMaentneii 
FuttockPlatea. 
Futtockai 

Galvaniam. 

Galvanized  Iron. 

Galvan(Mneter. 

Qml  and  the  Machinenr  em- 
ployed In  the  Manufacture 
ot 

Gates,  Wrougfat-Iron,  for  the 
United  Statea  Dry  Dock  aft 
Brooklyn. 

Gatea,  Guard. 

G«er  Cutting  Machineii  BareL 

G«er  Cutting  EoglDa. 

GMring; 

GMde^y. 

Gflnnaa  8I1t«; 


GuW 


Gimbals  or  Gimbdai 

Gin. 

Glass. 

Glue. 

Glynhography. 

Gold-Beating. 

Goniometer. 

Governors. 

Grain  Separator. 

Graphometer. 

Gravity,  Centre  eC 

Gravity,  Spedfla 

Grinding  Machine,  Double. 

Orindlng-Mlll,  Eccentric. 

Grindfltone. 

Grist-MUL 

Gagev  Steam  and  Water  8afi»- 
ty,  for  Steam-boilera. 

Gage,  Telegraphic  BteanoL 

Gudgeon. 

Guns. 

Gnn-Barrda,  Lathe  for  Turn- 
ing. 

Gun-CottoB. 

Gun-MetaL 

Gunpowdor. 

Gunter*s  Chain. 

Ounter*s  Lina 

Gunter's  Scale. 

Gutta  Percha. 

Gyration,  the  Centre  oC 

Hammer,  AkssbsoxIi  patent 

Hanmier,  Steam. 

Hammer,  Tilt  or  Trip.     See 

TiLTIlCO. 

Harvesting    Bee  Bbatib. 

Hat-Making. 

Hay  and  Com  Cutter. 

Heart- Wheel 

Heat 

Heddles,  Machine  for  making 

Weavers*. 
Heliotrope,    Beflecting   Lan 

tern. 
Heptagon. 
Hexiearon. 
Hexagon. 

High-Preesure  Engine. 
High-Prossure  Steam-Engine. 
Hinge. 
Horn. 
Horse. 

Horse-Power. 
Horse-Shoe. 
Hydronamics. 
Hydro-Electrical  MacUne. 
Hydro-Extractor. 
Hydrometer. 
Hydrostatio  Press, 
^hrgrometer. 
HyperboUk 
Hyperbola  Logarithms. 

Ice. 
lee-Boata. 

**  House. 

*  Saws. 

"  Trade. 

looeahedron  or  looaaedroa. 
niuminatton. 
Impact 

Impenetrability. 
Impetoa. 
Inadence. 
Inclination. 
Inclined  Phme^ 
Indicatoia 
Indigo. 
Inertia. 

Involute  Curnk 
Iron. 

Jack. 
Jack-Screw. 

•*   Lever. 

**  Traversing  Bcrair. 

**   Travening. 
JaeketStean. 
Jaoquard. 


Japanning 

Joint  daip  CoiipllB& 

Jolii^  PalMt  BuwiMiiWi 

% 


Joint%  and  Joinhag  Tlmban. 

Kadeidoecope. 

Kedge. 

KeeL 

Keelson. 

KihL 

Kite. 

Kneading, 

Knives. 

Knife  Sharpeners 

Laburnum  Wood 

Laoe. 

Lacquering. 
Lactometer. 
Ladder. 

**     Spirit  Gas. 
Lathe  for  Turning  IrrcgidBr 
Forma. 

**        Small  Engine. 

**        Boring  aiui 
ing. 

**        Engine; 

•*       Large  Boring  and 
Beaming. 

**        Gun  Borins,  Turn- 
ing, and  Fuming 

*  Small    Sel^acting 

and  Screw  Cut- 
ting. 

*  Boring  and  Tur»- 

ing. 
••        Boring -Mill    and 
Large  Turning 
Lap  and  Lead  of  the  Sttde- 

Valve. 
Lead. 
LensL 
Lever. 
Lewis. 
Light 

^     ArUfldaL 
Light-Housea. 
lightning  Coudneton. 
life-Boat 
Lime. 

Lithography. 
Locks  of  CanalsL 
Locomotive  Engine. 
Logarithm. 
Logwood. 
Loom  Power. 

**    Bigelow*s  Counterpane 

**    Double  Stroke. 

**    Power  Osfpet 

Machines. 

Magnet — Magnetbm. 

Mahogany. 

Manometer. 

Mangle. 

Maple- wood. 

Ifaiblo  Sawing  and  PoMaUng 

Madkinery. 
Marine  Steam-Engfaie. 
Matehee. 
Meti*rifUi 
Mean. 
Measure. 

Meduuiical  Powem 
Mechanical  Power  of  SteaiBk 
Mensuration. 
Metals  and  Alloya. 
Metallurgy. 
Micrometer. 
Mlcroecope. 
Mile. 

Mm. 

MUlstone. 
Mineral  Kingdom. 
Mtne^  Bngtnea  for. 
IfodulnsL 
Momentum. 
Mortae. 

Mortising  Machine. 
Motion. 
MovMliig  Macfaliie. 

«  "    Sheai-Matei 

Ifde^ 


Nafl 

Needlaab 
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KIdML 

NorauL 
Nnt-CuttiDg  liachiiM, 

Oetupon. 

Octonedron. 

Odometer. 

Gila. 

OilTestiw 

Ombrometer, 

Openmeter. 

Opeiometer. 

Ordinate;. 

Ore-Seoarator. 

OrthodiroDOffraph. 

OKillaUon,  Centre  ot 

OBcUlating  Engines. 

Qyiter  O^ner. 

Paints,  Grinding  oC 
Paper,  M&nn&otore  oC 

^     Cutting. 
Parallel  Motiona. 
Parameter. 
Pesdnlnm. 
Pena,8teeL 
Pavnseion. 

Percnasion-eap  Haehintb 
PerpeUuI  Motion. 
Persian  Wheel 
Photography. 
Photometer. 
Pile-Drlrer. 
Piling  Machine. 
Pin-making  Machines 
PfBton. 
Planing  Machine. 

**  •*       Hand. 

Piste-Bonding  Machine. 
Platinum. 
Pneomatica. 
Pohuization  of  Light 
Potaasinm. 

Press,  Anti-Friction  0am. 
Printing- Presa,  Lithographic. 
PreM,     ProgrefliiTe     Lerer 
Steam. 


Printlnff-PreflB. 

Prq^ecoHm. 

Proving  Maehine,  Hydrostatle 

Paddler'8  Balls,  Machine  ft>r 
Compressing. 

Pulley. 

Pomps. 
^     Steam. 

Ponch,  Bevolving  Bteano. 

Pouching  Machine,  Steam. 

Ponching  and  Plate-Cottlng 
Machine. 

Punching  and  Shearing  Ma- 
chine. 

Pvrometer. 

Picker,  Bag  and  Waste. 

Ballroads. 

Betorta. 

Bioe-Cleaner. 

Blvets  and  Blank  Screws,  Ma- 
ehine for  making. 

Bivetins  and  Steam  Foncblng 
Machine. 

Boiling  Machine. 

Bcpee,  StiflhesB  oC 

Sawing  Machine. 

Saw-flUng  Machina 

Screwa,  Self-operating  Shaver. 

Screw  Blanks. 

Screws,  Burring  Machine  for. 

Screw-cutting  Machine. 

Screw-Finisher. 

Screws,  Machine  for  Nicking. 

**      Maehine  for  Shaving 
andTominfl^ 

"      Machine  for  Thread- 
ing. 
Screwing  Machine  for  Bolts. 

«*       I>ouble. 
Sea-Lights. 
Beaming  Machine. 
SewlngMachinc 
Shear^  Botaiy. 
Shingler. 
Shingle  Machlnei 
Shot. 


Slotting  Madilnc. 

Slotoe-CockSk 

Smot  Machine. 

Soldering. 

Spike  Bfichine. 

Spinning-Frame  Banding,  Ma- 
chine for  making. 

Stave-Dressing  Machine. 

Stare-Joining  Machine. 

Steel. 

Strength  of  Materials  of  Con 
struction. 

Sugar-Mills  and  Machinery. 

S^tch. 

TelegraphsL 

Telescope. 

Tempering,   Ilardening,  and 

SofteniDg  Metals. 
Thermometer. 
Threshing  Machine^ 
Throstle. 
Tilting  Hammer. 
Tobacco-Cutting  Madiina 
Tools,  Cutting,  Drilling,  Torn 

ing,  dse. 
Toruon. 
Transit. 
Trip-Hammer. 
Tube-Cocks. 
Turbine. 
Tum-Table. 
Twisting  Machine  for  Iron. 

Uraniunx 

Yalvea. 

Valve.  Expansion. 

Velocity. 

Ventilation. 

Vernier. 

Vice,  Lever. 

Wanning  and  Ventilation. 

Watchmaking: 

Water-Closct 

Water-Metre. 

Water  Pressure  Engine. 


Water-Whoels. 
Weights  and  Measures. 
Wheels,  Bailway. 

**      Paddle. 
Wire-covering  Machinery. 
Wire  Rope  IkUchinery. 
Wiring  Machine. 
Woods,  Yarie^  oft 
Woo<l,  Steam  Carbonidng  II 

chine. 
W^rench,  Cylindei: 
**      Screw. 

Zlna 
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Boilers,  American. 
Brick-Middng  Machine. 

Clart- Wheels. 
Cask-Making  Machine. 

Iron  Boiling  Machina 

Planing  Machine. 
Pumphig  Engine,  from  i 

United  States  D17  Dock 

Brooklyn. 

Railway  Bars. 

Registering  and  Nnmbeit 
Machines. 

Sewing  Machine. 
Smut  Machine. 
Spark  ArreetM-. 
Stove,  Cooking. 
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**  It  is  the  best  and  cheapest  work  ever  ofllBred  to  the  sdentiAc  and  practical  engineer  and  mechanic.  The  plates  an  beai 
ttftaHyexecnted."— Olobk 

**This  neat  Dictionary  is  one  of  the  most  oseftal  works  which  has  been  pnbUshed  for  years,  and  the  low  price  at  which : 
is  sold  maxes  it  acceptable  to  alL**— South  Cabouhlul 

**  We  regard  it  as  <me  of  the  most  oomprebensive  snd  valnable,  ss  well  as  dieapest  works  ever  pnbllshed.**— Balt.  Aon 

■^It  is  designed  after  the  priBdnle  of  ure'S  Dictionary,  calj  that  it  is  move  devoted  to  the  mectiaBical  aad  enghiesria 
professions,  and,  above  all,  it  li  valnable  in  aooomplishing  ftir  America  what  Dr.  Ure  has  done  for  Eai^sBd,  vl&t  deseribla 
AmericsD  machlBcry  and  works  of  srt**— Scmrnno  AMigictsit. 

8 


D.  APPLETON  If  CO.'S  PUBLICATIONS. 


SCIENTIFIC  WOBKS. 


Affjror— GOTHIC  AHCraTECTURE  Applied  to 
Hodem  Residsncca.  ConUinmg  DeBigns  for  Kn- 
tnuKMB,  H*!)*,  Btiin  and  Parlon,  Window  Fnimca 
tod  Doot  Puifllling,  the  jamb  *nd  libel  UouIdiiigB 
on  a  luge  aode :  the  decorolion  of  Clitmno; 
Brawls  and  MsntclB  ;  PmcUiiig  and  Groininir  of 
CeiUog^  with  the  upproprinte  furniCnro.  Tbe 
vhola  illoitratcd  with  Working  and  i'crapcctivc 
DrairiDgs,  and  forming  all  the  Doceeaiiy  purta  of  a 
modem  dwolting.  By  D.  U.  Abnot,  Architect.  1 
TOl.  4lo.  (I,  bound. 
■ABCEITSCTUSE  AA'D  B  UILDmO,  Treatises  on, 
by  HoBDNo,  Tbedoold  and  Yooko.  88  •tecl 
pUtas.    «to.  18  M. 

ZJoirjv/ya— TOE  AEciriTEcniEE  of  codn- 

TRY  HOUSES.  Includiug  neaigaa  for  Coltflgea, 
Faim  Honiea,  and  Villas ;  with  remarkB  on  Into- 
riors,  Turaiture,  and  the  boBlmodoa  ofWarniine 
and  VentalaUng.  SSO  illaet.  Bv  A.  J.  Dowhihd. 
Bvo.,  14. 

AECHITECTCBE   OF  COTTAGE   AND 

FABH  HOUSES,  Part  1  of  above  («epa7alD).    t2. 

ZylF^Fffl.— BEAUTIES  OF  MODERN  AECIII- 
TECTUKE.  ConalBtinz  of  4S  Plates  of  Original 
DeBigM,Tith  PlBDB^Elovatioiu,  and  SccUons— 


aiZ>Jffjr.-AMERlCAN  COTTAGE  AND  VILLA 
ABCHITECTUBE.  A  Scricn  of  Views,  nndrtniiB 
of  B«*i<l«ne«a  actuBlIv  built,  iotonded  w  modolB 
IbrthOM  abonl  to  boild,  as  well  aa  for  Architects, 
Bnildera,  Ac.,  with  Hints  on  Landenpe  Qsrden- 
ing,  LariDg  ootOroacdB,  and  Planting  ofTreeo, 
Ac    By  J.  C.  SiDNEi,  Arcliitect.   4to. 


jOZfflK— PHILOSOPHY  OF  THE  MECIlANICa 

07  KATUBE,  and  of  the  Sonrce  and  Hodea  of 
Fropagation  of  Natanl  Uotiva  Power*.  By  Z. 
Auju.    1  vol.,  Bvo.  illoatrated,  fS  60. 

OVEJtUA}r,—ii.  TREATISE  ON  METALLDR- 
OYj  compriBinR  Mining^  and  Oenonl  and  Portien- 
lar  uetolfuivical  OpcrutionB.  By  Fked.  OTxaiiuf. 
With  8TT  Wood  Engrsvbiga.  1  vol.,  Bvo.,  of  over 
TOO  pagea,  %6. 

ARTISAN  CLDB^TREA11»-E  ON  TITESTEAU 
ENQIKE.  In  ita  applicntion  to  Mines,  UiUh, 
Btaam  Navlgallon,  and  RMiways.  By  the  Artisan 
Clab.  Edited  bvJoHHBouBNB.  Illiutrated  bySB 
plates,  and  Me  Engravings  on  Wood.  4ta.    ti. 

-IPPiJTOJK— MECHANICS'  MAOAZIXE  AND 
ENOINEEBS'  JODBNAL.  Natnral,  Eiperi- 
uODtal,  and  Mechaciciil  Pliilasophy— The  Arts 
BiidBilendu.    Edited  by  Jnutn  Adaio,  Civil  Ed- 


gfnear.    PnUlabod  MontlJy.    TermirtS  per  ac- 
«j,_  ^yo\.  1  ready),  prioe  t«  M 

APFLETOy.—TUCnOJiAJlY  OF  MACHINES, 
MECHANICS,  ENGINE  WOHK,  AND  EN- 
0INEEB1NG.  Compriiing  DmwingH  and  De- 
aoriptiona  of  every  important  Uaohino  in  practical 
naa  in  the  United  SUtra,  Great  Britain,  den.,  in- 
elnding  complete  Treatises  on  Mechanics,  MochiD- 
sry,  sod  Enging  Work.  Over  4000  Ulna.  Ocnplets 
In  I  vols.,  strong  bound,  tli. 

JOe^BJfK—i.  CATECHISM  OF  THE  BTEAH 
XNGINX.  IHaatrstlveofthaBclantiflap)1ndpl«* 
span  vhloh  Its  opaiation  depends,  and  (ns  praotl- 


cal  details  of  its  stmctnre  in  ita  applicatiaa  to 
Miaes,  Millg,  Steam  Navigation  and  Railways. 
With  variouH  unggeBtions  of  improvement  By 
Jonn  BoDENE,  C.  E.  16ma.  New  edition.  7Gc. 
jy-itTiT.— GENEEAL  THEORY  OF  BBIDOB 
CONSTRUCTION.  Containing  Demon  Knit  ions 
of  the  Principles  of  the  Art,  and  their  Applica- 
tion to  Practice ;  filniiBhine  tbe  means  of  Calcu- 
lating the  Strains  upon  Chorda,  TicB,  Braces, 
Counter-Braces,  and  other  parts  of  a  Bridge  or 
Frame  of  any  Deacri  ption  ;  with  Pracdcal  IUiistra> 
tiODB.     By  IIZHIUH  HlUFT.     8vo.    tS. 

J^OBOf.— THE  STEAM  ENGINE.    Ita  oi 


the  present'day,  as  a< 
oomotion,  and  Navij 


GINE.    Ita  origin  i 
a  the  time  of  Uer< 


.  Manufooturen,  Lo- 

, . IlIuBtrated  witli  43 

Plates  in  fiiU  detail,  numerous  woodents,  fto.  By 
Paul  B.  Hodox,  C.  E.  One  vol.  folio  of  plates, 
and  lettet^prees  m  Svo.  fB. 
SyAPES.  —  MECHANICS'  ASSISTANT.  A 
thorough  Fraetical  Treatise  on  HeneuratioQ  and 
tbe  Siiding  Rule.    Adapted  for  the  uae  of  Car- 

Clero,  Shipwrights,  Wheelwrights,  Sawyers, 
igen,  Lumbermen,  Studctile,  and  Artiaans 
generally.  By  D.  M.  Khatcn,  A.  M.  12mo.  |1. 
TEMPLETOK—TRS  MILLWRIGHT  AND  EN- 
GINEER'S POCKET  COMPANION.  By  Wm. 
TupLKTOM.  From  the  SIh  English  Ed.  With 
Additions,  by  an  American  Engineer.    IGmo.  |1. 


Jt5raS5^A'OJra7;  — AGRICULTORAL  CHE- 
MISTRY. Bnral  Economv,  in  its  relations  with 
Chcinifltiy,  Pliysica,  and  Meteorology;  or,  Cha- 
mistry  applied  to  Agricaltnro.  ByJTB,  Boddbui- 
OAL-LT.  Translated,  with  Notes,  &c.  By  Geo.  Law, 
AgricultnriBt.    12mo.,  over  fiOO  pages,  fl  £6. 

i-^^iViXZ.— APPLIED  CHEMISTRY,  in  Mano- 

lactnres,  Arts,  and  Domestio  Economy.     Edited 

by  E.  A.  Pabukll.    lUnstrated  with  numeroDB 

Wood  EDgravinga,  and  Spetamena  of  Dyed  and 

.    Printed  Cotton*.    Svo.    Ibo.    doth,  tl. 

Pffff.— DICTIONARY  OF  ARTS,  MANTJFAO. 
TUREB,  AND  MINES.  Containing  a  dear  Ex- 
position of  tbdr  Prinmiles  and  Praclies.  Bv  Ah- 
BliEwUiut,  M.D.,  F.H.B.,  &0.  Ulnstraled  with 
1450  Engravings  on  Wood.  One  thick  voL,  irith 
auppiement  complete,  %i.        ' 

roUMAtrS,  Jt  Z.— CLASS  BOOK  OF  CIIBMIS- 
TllY,  in  wnich  the  Principles  of  the  Science  sro 
familiariy  expluned.    ISma.,  illmtrated,  T5o. 

CHART  OP  CHEMISTRY,  oontoining  1000 

Diagrams  in  Six  different  Colors,  about  4  ttA  by 
G  in  siiB,  on  a  roller.    (A. 


OEIFnTH.—K  TREATISE  OH  MARINE  AMD 
NAVAL  ARCHITECTURE;  or,  Theory  and 
Practloe  blended  in  Sliip-bnilding,  Iltnslrated 
with  more  than  50  Engravings.  By  J.  W.  Gmr- 
imi,    4to.,  a  new  enlarged  edition.    tlO. 

JSFFESS.~A  CONCISE  TREATISE  ON  THE 
THEORY  AND  PRACTICE  OF  NAVAL  GUN- 
NERY. By  Wv.  N.  Junia,  Jr.  1  voL,  Svo. 
Ulostrated,  tS  CO. 

CraiClf— DE8CBIFTI0N  OF  A  SYSTEM  OF 
UILITABY  BBIDOE8  with  India  Bobbar  Pon- 
totia.  Preparsd  for  tho  use  of  tha  Cnilad  Stalea 
Army.    By  Oapt.  Qao.  W.  Coum,  U.  B.  Corps  of 


C'/vy7.^^.fv>v 


A  TREATISE 


OK 


METALLURGY; 


COMPKIHING 


MINING,  AND  GENERAL  AND  PARTICULAR 
METALLU  RGICAL  OPERATIONS, 


WITH    ▲   DR80KIPTION    OF 


CHARCOAL,   COKE,    AND  ANTHRACITE   FURNACES, 

BLAST   MACHINES, 
HOT   BLAST,    FORGE  HAMMERS,    ROLLINfi    MILLS,    ETC.   ETC. 


BY  FREDERICK  OVERMAN, 

MINIKO   ENOINEER. 
AUTHOR  or  ▲    '*TRBATISS  ON   IBON/*   ETC.,    RTO. 


WITH  THREK  HUNDRED  AND  SEVENTY-SEVEN  WOOD  ENGRAVINGa 


•*    '--"1  -•--',.-  -       '  -  ^  I     ^  ' 


•     •       .J 


• • W    .   - •" 


•    » 


NEW-YORK: 
D.    APPLETON    &    COMPANY,    200    BROADWAY 

SAN  FRANCISCO:— COOKE  &  LE  COUNT. 

1852. 


209965 


Eutered,  aooordiii^  to  act  of  Congrem,  in  the  year  1852,  by 

D.  APPIJ:T0N  <&  COMPANY, 

lu  the  Clerk's  Office  of  the  District  Court  of  tlie  United  States  for  the  Southern 

District  of  New- York. 


•••    •  • 
•  •  •  •  • 


•  4 


I  • 


•  •  • 


PUBUSHEIiS'  PREFACE. 


*»  »»■ 


This  work  is  chiefly  designed  to  present  a  practical  view 
of  the  various  and  extensive  operations  of  MetaUurgy.  It 
is  not,  however,  merely  a  description  ^of  processes,  and  an 
enumeration  of  facts,  which  would  be  of  comparatively 
limited  importance  to  the  active  and  inquiring  mind  of 
the  public ;  but  each  division  contains  a  philosophical  in- 
vestigation of  the  apparatus  used,  and  the  operations  per- 
formed, in  all  specific  cases,  as  well  as  the  principles  upon 
which  their  advantages  depend.  Without  entering  so  ex- 
tensively into  scientific  considerations  as  to  impart,  in  any 
degree,  the  character  of  a  theoretical  work  to  his  book, 
the  author  has,  nevertheless,  amply  enriched  his  pages 
with  all  such  investigations  as  were  necessary  for  the  elu- 
cidation of  the  principles  involved  in  these  extensive 
pursuits. 

The  progress  of  the  work  through  the  press  was  some- 
what interrupted  by  the  death  of  the  author,,  when  two- 
thirds  of  it  had  been  put  in  type.  The  manuscript,  how- 
ever, had  been  previously  completed  by  him^  with  the  ex- 
ception of  the  last  chapter,  which  has  been  added  chiefly 
from  Appletons'  Dictiokaby  op  Mechanical  Science. 
In  all  other  parts,  it  is  entirely  the  work  of  Mr.  Overman. 
There  may,  perhaps,  be  instances  in  which  he  is  more  or 
less  indebted  to  the  labors  of  other  writers,  ill  these  pages. 
If  such  is  the  case,  it  would  have,  undoubtedly,  been  ac- 
knowledged, had  he  lived  to  write  this  notice. 
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The  reader  may  discover  imperfections,  and  even 
errors,  in  the  work;  and  doubtless  the  author  would 
have  been  fearful  that  such  existed,  if  he  had  witnessed 
its  completion.  To  this  apprehension,  he  would,  unques- 
tionably, have  alluded  in  a  similar  manner  to  which  he 
has  done  in  a  former  work,  and  which  we  take  the  liberty 
here  to  quote. — "  It  may  even  embody  errors ;  these,  on 
the  ground  of  human  frailty,  may  be  deemed  by  the  kind- 
hearted  reader  excusable.  The  expression  of  one  fact  will, 
we  hope,  disarm  critics.  We  make  no  claims  as  a  writer. 
We  make  this  statement  not  only  because  the  language  of 
the  book  is  not  our  native  tongue,  but  because,  though  it 
were,  we  doubt  whether  we  should  be  able  to  exhibit  a 
reasonable  proficiency  in  its  use." 

The  following  tribute  to  the  memory  of  a  worthy  and 
accomplished  man  of  science,  is  from  the  pen  of  a  personal 
friend  of  Mr.  Overman.  It  is  presumed  that  its  insertion 
hel^  will  prove  not  otherwise  than  agreeable  to  the 
reader,  while  it  will  impart  gratification  to  the  author's 
friends. 

"Frederick  Overman  died  on  the  Ith  January,  1852,  in  Philadelphia, 
at  the  age  of  49  years,  from  the  effects  of  arsenited  hydrogen,  inhaled 
while  engaged  in  a  chemical  analysis.  He  was  a  native  of  Germany,  and 
bom  in  Elberfeldt  of  humble  parents,  who  could  give  him  but  the  rudi- 
ments of  a  common  school  education ;  and  when  a  boy,  bound  him  to 
learn  the  mercantile  business.  This  employment,  however,  little  suited  his 
taste  and  natural  activity,  and  he  bound  himself  afterwards  to  a  cabinet- 
maker, in  whose  business  he  acquired  a  proficiency.  While  thus  engaged 
and  acquiring  habits  of  industry,  he  was  sedulously  employed  to  gain  know, 
ledge  and  to  enrich  his  mind.  Endowed  by  nature  with  a  vast  cerebral  or- 
ganization, indeed  one  of  the  very  first  order,  and  with  a  decided  prepon- 
derance of  the  higher  faculties,  the  yearnings  of  such  a  mind  could  not  be 
permanently  kept  under  by  poverty  and  opposing  outward  circumstances. 
He  began  to  travel,  as  all  mechanics  do  in  Germany,  and  went  to  Berlin 
to  work.  There  he  succeeded  in  obtaining  an  admission  as  a  pupil  of  the 
Royal  Polytechnic  Institute,  the  first  institution  of  its  kind  in  Europe,  and 
then  under  the  superintendence  of  the  celebrated  Mr.  Beuth,  who  was  not 
long  in  discovering  the  pre-eminent  talents  of  his  pupil,  and  consequently 
took  an  especial  interest  in  the  education  of  the  young  man.    He  remained 
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in  that  Institute  I  believe  four  years,  durmg  which  time  he  also  attended 
lectures  in  the  Royal  University,  and  was  also  by  his  protector  introduced 
to  the  unions  of  the  first  artbts  and  scientific  men  of  the  age,  as  for  instance 
Professor  Ranch  the  celebrated  sculptor,  Schinkel  the  great  architect,  Alex- 
ander von  Humboldt,  &c  It  was  under  the  spell  of  such  happy  and  en- 
nobling influences,  that  Frederick  Overman  acquired  such  a  deep  and 
abiding  love  of  scientific  pursuits,  and  cultivated  his  taste  of  the  fine  arts. 
Those  who  have  been  intimate  with  the  deceased,  appreciated  his  exquisite 
taste  and  mature  judgment  in  all  that  is  ennobling  and  beautiful.  In  his 
mind  there  was  a  rare  union  of  the  ideal  with  the  useful,  the  practical  aod 
the  rational.  But  the  most  prominent  trait  in  his  character  was  an  exalted 
love  of  truth  and  moral  freedom,  those  two  features  essential  to  form  the 
basis  of  a  really  great  man.  But  few  persons  in  this  country  have  been  on 
terms  of  intimacy  with  the  late  Mr.  Overman,  and  by  many  of  his  super- 
ficial acquaintances  he  has  been  either  misunderstood  or  not  at  all  com- 
prehended. Such  deep  and  great  natures  can  never  accommodate  them- 
selves to  the  superficialities  of  our  unnatural  social  institutions,  they  can 
never  be  dragged  down  to  the  quagmire  of  competitive  strife  and  hatred. 
In  his  scientific  and  technological  researches  he  would  pursue  his  object  with 
indefatigable  industry  only  so  long  as  the  scientific  interest,  or  the  interest 
of  the  inventor  was  kept  alive.  This  once  satisfied,  he  would  drop  that 
pursuit,  no  matter  how  great  the  prospects  of  emolument  and  profit  This 
is  the  test  of  true  genius.  He  will  never  exert  himself  without  a  noble  ob- 
ject in  view  I  The  day  may  yet  come,  when  human  nature  will  be  more 
appreciated,  and  when  society  will  be  so  constituted,  that  the  ordinary 
wants  of  nature^s  noblemen  will  be  provided  for,  so  that  they  may  be  at 
liberty  to  follow  the  bent  of  their  genius,  without  being  harassed  by  petty 
cares !  While  in  Europe,  Mr.  Overman  moved  in  useful  and  extensive 
spheres.  His  improvements  in  the  manu&cture  of  iron  have  given  him  a 
reputation.  In  this  branch  of  technology  he  has  labored  successfully  a  num- 
ber of  years ;  he  was  well  paid,  and  his  engagements  called  him  to  all  parts  . 
of  Europe,  where  he  introduced  his  improvements  in  the  process  of  pud- 
dling and  other  manufactures. 

He  has  been  engaged  in  superintending  the  erection  of  various  large 
manufacturing  establishments ;  he  conducted  at  one  time  the  extensive 
engineering  establishment  at  Chemnitz,  in  Saxony  ;  and  for  a  period  was 
in  the  employment  of  the  Austrian  Government,  working  under  the  es- 
pecial and  personal  charge  of  Prince  Mettemich,  for  the  purpose  of  ascer- 
taining the  industrial  resources  of  the  empire,  and  collecting  commercial 
data  upon  which  to  found  the  basis  of  a  new  commercial  treaty  with  Great 
Britain.  All  these  engagements  were  but  of  a  temporary  duration ;  his 
strong  love  of  freedom  and  unfettered  action  would  never  permit  him  to 
accept  of  a  permanent  situation  as  a  government  official,  neither  in  Aus- 
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tria  nor  Pniasia.  His  political  instincts  were  thoroughly  democratic. 
Various  disappointments  and  dissatisfiEtction  induced  him  to  emigrate  from 
Germany  to  this  country,  in  the  year  1842,  where  he  has  been  variously 
employed  in  introducing  improvements  in  the  manufacture  of  iron.  In 
this  he  has  met  with  success  and  &ilures.  Had  he  enjoyed  the  good 
fortune  of  a  James  Watt,  in  finding  another  Bolton,  who  had  appreciated 
his  talents,  and  applied  his  inventive  genius  to  mercantile  use,  he  could 
have  realized  fortunes.  For  the  last  three  or  four  years  he  was  engaged 
principally  in  his  technological  writings.  His  work  on  the  manufacture  of 
iron  is  highly  appreciated  in  Great  Britain,  and  by  the  London  Mining 
Journal  is  pronounced  the  best  scientific  treatise  ever  published  on  the 
subject 

JOHN  A.  ROEBLING, 

Civil  Engineer. 
Tbknton,  N.  J.,  *lth  April,  1862. 

The  Publishers,  amid  all  the  circumstances,  have 
spared  neither  labor  nor  expense  to  render  this  work  such 
as  might  be  expected,  from  the  extensive  importance  of 
the  subject,  and  the  ability  of  its  author.  They  anticipate 
that  its  practical  information  will  be  found  in  advance  of 
similar  works.  And  although  it  might  have  been  better, 
if  it  could  have  received  the  benefits  of  the  author's  re- 
vision throughout,  yet  they  are  confident  it  will  meet 
with  that  favor  from  the  public  which  is  due  to  the  last 
labor  of  one  who  has  passed  beyond  the  sphere  of  human 
eritidsuL 

D.  APPLETON  &  CO. 
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MINING 
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CHAPTER    I. 

JExploring,-^Jji  order  to  obtain  those  minerals  which  form 
valuable  metals  in  the  course  of  metallurgical  operations,  we  must 
first  find  the  ores.  These,  however  plentifiilly  distributed  over 
the  globe,  must  be  sought  by  intelligent  inquiry,  if  their  discovery 
is  not  made  accidentally.  Any  heavy  material  on  the  surface  of 
the  globe  is  a  metallic  ore,  an  oxide  or  compound  of  some  metal ; 
we  may  with  propriety  range  potash,  lime  and  clay,  magnesia 
and  silex  among  the  metallic  ores.  At  the  present  time  we  use 
only  some  few  metals  in  the  arts,  but  it  does  not  follow  fix)m  this 
that  sodium  and  others  are  excluded  for  ever  from  being  usefiiL 
The  time  may  come  when  calcium  will  be  as  valiiable  as  any 
other  metal.  Those  ores  which  are  usefiil  in  our  operations  of 
manufacturing  metals,  are  seldom  found  on  the  surfiice  of  the 
earth;  they  are  in  most  instances  buried  beneath  the  soil,  and 
penetrate  the  solid  rock  often  to  considerable  depth.  Some  may 
be  found  on  the  surface,  at  least  those  which  are  insoluble  in 
water,  as  all  the  oxides  of  iron ;  but  not  so  the  carbonates,  and 
the  sulphurets.  As  iron  is  distributed  in  every  part  of  the 
earth's  surface,  as  it  has  aflSnity  for  all  other  matter,  and  as  it  is 
insoluble  in  water,  we  may  expect  to  find  it  in  every  locality 
where  we  explore  for  ore.  Iron  ore  appears  in  so  great  a  variety 
of  forms,  it  is  often  so  far  blended  with  other  matter,  that  we 
are  justified  in  asserting  that  it  represents  almost  all  the  known 
varieties  of  other  ores  in  appearance ;  it  is  frequently  so  dis- 
guised as  to  make  an  assay  necessary  in  order  to  recognize  its 
presence. 

In  most  instances,  when  we  find  a  heavy  mineral,  our  first 
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thought  should  tl<&  that  it  is  iron ;  and  if,  after  a  rigid  examina- 
tion, we  fi^dr.it  is  not  iron,  we  are  at  liberty  to  infer  another 
kind  of  9h?;-;-Iron  is  very  plentiful  in  our  country ;  it  is  hardly 
worth  t£B«pains  and  time  taken  to  hunt  for  the  ore.  Its  value  is  so 
small,  i£  'does  not  pay  more  than  the  expenses  of  digging  and 
haulTA^  in  the  majority  of  instances. 

;  -.'.We  may  expect  to  find  iron  every  where — ^in  ploughing,  in 
/Kiiifeing  roads,. and  in  digging  canals.  It  is  not  so  with  other 
. . ,  *dres.  Gold,  if  in  its  metallic  state,  may  be  found  in  the  soil  and 
/.,  '•*  in  the  ravines  where  a  gentle  current  has  accumulated  alluvial 
deposit  Is  the  soil  or  sand  composed  of  clay  and  other  sub- 
stances, and  light,  so  as  to  form  readily  soft  mud,  we  always  find 
the  gold  lying  deep,  on  the  face  of  the  rock;  particularly  if 
the  gold  is  coarse.  It  is  in  vain  to  look  for  fine  gold  in  the  bed 
of  a  river :  its  place  is  in  the  soil,  and  ditches  made  by  the  gen- 
tle currents  of  rain-water.  Metallic  gold  cannot  be  foimd  in  the 
coal  regions ;  it  belongs  to  an  older  period  of  creation.  At  the 
time  when  coal  was  deposited,  it  was  too  wet  and  cold  for  its 
formation,  and  that  which  may  possibly  have  been  liberated  by 
abrasion  of  the  old  rocks,  was  rubbed  to  fine  invisible  dust, 
which  probably  may  exist  in  all  rocks  of  the  younger  series. 
Gold  is  soluble  in  sulphurets,  wherein  is  an  excess  of  sulphur : 
we  find  gold,  therefore,  in  all  pyriteous  ores,  particularly  in  those 
of  iron,  copper,  and  lead;  but  the  quantities  are  often  so  small,  that 
its  value  would  not  pay  the  expenses  of  extraction.  We  may  find 
gold  in  the  pyrites  of  all  the  Atlantic  States,  but,  to  all  appear- 
ances, the  near  approach  of  coal  is  the  cause  of  its  being  in  small 
quantities  in  those  States.  In  Virginia  and  North  Carolina 
we  find  coal  near  the  gold  ore  deposits,  and  even  in  the  belt  of 
the  gold-bearing  rocks ;  but  that  coal  is  a  secondary  deposit,  the 
gold  rock  was  formed  before  the  coal  was  deposited — it  under- 
lays the  coal.  In  the  western  bituminous  coal-fields,  it  is  of  no 
use  to  look  for  gold.  Along  the  lakes  there  may  be  gold,  but 
we  are  not  informed  of  its  having  been  foimd  in  sufficient  quan- 
tity for  extraction.  Both  slopes  of  the  Eocky  Mountains  are  the 
legitimate  localities  for  gold  deposits.  Gold  is  often  found  in  ter- 
tiary formations,  in  lignite  and  the  rocks  around  it,  but  is  of  no 
practical  use.  If  we  suspect  gold,  either  in  alluvial  soil  or  in 
rocks,  the  surest  way  to  discover  it  is  to  wash  the  matter — that 
is,  remove  the  rocky  matter  by  water  in  a  manner  described 
hereafter,  and  if  the  particles  of  gold  are  so  heavy  as  to  remain 
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after  the  debris  of  rock  is  removed,  the  ore  may  be  nseftd.  If 
the  particles  of  gold  are  so  small  as  to  float  away  with  the  rocky 
matter,  the  ore  is  of  no  use.  Pyrites  are  tested  by  means  of  the 
assay.    Near  lunestone  rock,  no  gold  is  found. 

Copper  ore  is  in  most  instances  recognized  by  its  green  color : 
if  the  body  of  the  ore,  in  the  interior,  is  blue,  or  red,  or  black, 
that  on  the  surface  contains  always  more  or  less  of  the  green 
kind ;  and  we  are  generally  correct  in  supposing  copper  where 
green  silicious  matter  is  foimd. 

Lead  is  not  often  discovered  on  the  surface  of  the  ground,  or 
imbedded  in  the  soil :  freshets  may  expose  a  vein  of  galena  and 
carry  particles  away  from  the  general  deposit,  but  this  is  no  rule. 
Galena  is  easily  decomposed  by  the  atmosphere,  and  as  the  result- 
ing sulphate,  or  carbonate,  or  oxide,  is  very  light,  and  in  the  form 
of  dust,  it  is  easily  carried  away  by  currents  of  water.  Deposits 
of  galena  must  be  looked  for  in  steep  hills  and  rapid  currents,  in 
limestone  rock  and  the  old  slate,  in  graywacke,  gneiss  and  por- 
phyry; but  in  all  stratified  rocks  of  the  coal  series,  and  the 
younger  rocks,  it  is  in  vain  to  look  for  it.  There  may  be  lead 
ores — such  as  carbonates,  sulphates,  and  others  in  young  forma- 
tions— ^but  we  have  such  an  abundance  of  good  galena,  which  will 
keep  the  price  of  lead  down,  that  the  manufacture  of  that  metal 
fix>m  any  other  ore  is  unprofitable.  If,  therefore,  other  ore  is 
found,  it  is  of  little  value  for  smelting  lead ;  but  it  may  be  valu- 
able for  silver  or  gold,  provided  it  contains  so  much  of  the  pre- 
cious metals  as  to  pay  for  their  extraction  without  depending  on 
the  amount  of  lead.  Galena  is  easily  recognized  by  its  metallic 
lustre  and  cubical  crystals ;  that  of  the  slate  formations  contains 
always  more  precious  metals  than  that  from  the  limestone  rocks. 

Silver  is  generally  a  companion  of  lead,  and  it  is  not  often 
foimd  in  any  other  form  than  combined  with  galena.  In  native 
copper,  particularly  that  found  at  Lake  Superior,  there  is  in  many 
instances  a  large  quantity  of  metallic  silver.  Such  ores,  however, 
cannot  be  considered  silver  ores,  for  we  cannot  extract  the  silver 
without  incurring  heavy  expenses.  Silver  occurs  also  in  antimony, 
but  always  combined  with  lead.  K  we  find  an  ore  accidentally, 
and  it  is  not  in  a  compact  vein  in  ^the  old  or  igneous  rocks,  we 
may  doubt  its  being  a  useful  silver  ore ;  if  it  comes  from  a  lime- 
stone region,  it  is  generally  very  poor  in  silver.  We  are  there- 
fore not  justified  in  expecting  to  find  silver  ore  in  alluvial  soil,  or 
young  rocks. 
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All  other  ores  form  compounds,  or  are  found  in  a  form  which  is 
easily  destroyed.  Neither  zinc  in  all  its  forms,  nor  antimony,  tin, 
or  arsenic  can  be  expected  to  appear  at  the  surface ;  we  must  look 
for  them  either  in  crevices  or  upon  the  rock  below  the  soil.  The 
presence  of  an  ore  may  be  presumed  where  a  specimen  is  found,  or 
where  fine  particles  of  it  occur.  If  this  should  be  on  a  hill-side,  the 
deposit  or  vein  must  be  sought  higher  up  than  where  the  specimen 
is  met  with ;  so,  likewise,  if  it  is  in  a  creek  or  river,  the  deposit 
must  be  sought  higher  up,  either  in  a  branch  or  on  the  river  bank. 
If  the  specimen  is  found  on  a  plain,  the  ore  may  lie  beneath  it, 
or  it  may  be  an  accidental  deposit,  carried  there  by  waters  whose 
course  cannot  be  traced.  Such  stray  specimens  are  worth- 
less, but  if  a  large  body  is  found,  such  as  gold  in  alluvial  gravel, 
we  may  expect  to  meet  a  deposit  of  the  material  somewhere  in 
the  surrounding  mountains.  These  stray  specimens,  or,  as  they 
are  often  called,  blossoms,  are  traced  to  their  origin  in  the  rock 
where  they  came  firom.  A  guide,  in  these  instances,  is  to  be  found 
in  the  quality  of  the  accompanying  gravel,  the  side  of  the  river 
on  which  it  exists,  and  in  its  own  composition.  If  it  is  found  in 
a  creek,  or  a  river,  it  is  traced  so  far  as  specimens  are  foimd  in  its 
bed;  and  if  these  indications  cease,  they  come  either  from  a 
branch,  and  must  be  looked  for  in  that  direction,  or  they  are 
washed  down  from  the  river  hUls.  In  most  cases  of  the  latter 
kind,  we  find  a  rivulet,  ditch,  or  drain,  where  the  specimens  come 
from.  We  then  follow  its  course  until  we  find  in  its  ramifica- 
tions an  indication  of  the  origin  of  the  stray  ore.  Are  the  speci' 
mens  deposited  in  the  gravel  of  a  river  bank,  it  is  always  more 
difficult  to  find  their  source,  particularly  when  the  gravel  is  light^ 
sandy,  or  muddy.  In  many  instances  we  cannot  trace  the  origin 
of  the  specimens.  In  the  gravel  of  the  Western  rivers,  in  the 
coal-basins,  we  find  specimens  of  granite,  gneiss,  and  porphyry ; 
rocks  which  are  not  found  at  the  head-waters  of  these  rivers  and 
their  ramifications,  these  are  evidently  travellers  from  fiir-off  re- 
gions, carried  to  their  present  location  by  high  floods,  which  cut 
out  these  valleys,  and  which  originated  in  the  polar  regions.  K 
such  stray  specimens  are  found  in  regions  where  the  rocks  cannot 
contain  that  mineral,  it  is  a  waste  of  time  to  search  for  a  vein  of  it 
If  a  piece  of  bitimiinous  coal  is  found  in  the  bank  of  the  Connec- 
ticut river,  we  know  it  came  there  by  accident ;  for  the  valleys 
or  hills  of  the  river  and  its  tributaries  may  contain  anthracite  or 
lignite,  they  cannot  contain  bituminous  coal.    If  a  piece  of  gold 
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is  found  in  the  gravel  of  the  Ohio,  it  ijs  no  indication  of  a  deposit 
somewhere  in  the  vicinity.  If  specimens  of  galena  were  found 
on  the  western  slope  ot  the  Alleghanies,  we  should  be  inclined  to 
doubt  the  presence  of  a  workable  vein. 

Is  the  course  of  the  debris  of  an  ore  vein  traced  to  its  disap- 
pearance below  the  soil  which  covered  the  rock,  on  a  hill-side,  we 
may  conclude  the  deposit  is  not  far  off.  If  it  disappears  in  the 
alluvium  of  the  valley,  it  may  belong  to  a  vein  far  away ;  and  if 
the  valley  is  large,  and  the  gravel  heavy,  it  is  of  no  use  looking 
for  the  ore  bed.  In  heavy,  loamy  ground,  there  is  a  prospect  of 
arriving  at  the  deposit,  but  not  generally  without  much  digging. 
Where  the  last  traces  of  the  blossom  disappear  below  ground  we 
commence  digging,  and  follow  the  course  of  the  stray  specimens. 
K  no  indications  are  found,  we  may  distrust  our  being  on  the 
right  track,  and  it  is  advisable  to  follow  once  more  the  original 
course  of  the  guides.  Is  the  deposit  of  ground  heavy,  we  may 
conclude  the  vein  is  higher,  for  some  fall  is  always  required  for 
the  water  to  carry  the  specimens  down  hill,  they  never  are  lifted 
fiom  below.  Is  the  place  where  the  blossoms  disappear  below 
ground,  on  a  hill-side,  the  best  plan  is  to  follow  the  blossoms  by 
digging  after  them,  and  if  they  are  at  a  gently  sloping  hill,  we 
find  it  more  profitable  to  go  as  far  up  the  hill  as  possible  without 
losing  the  track,  and  dig  a  shaft  down  to  the  rock.  K  we  meet 
the  blossoms  in  this  shaft,  before  we  come  to  the  rock,  we  are  too 
low  for  the  vein,  and  it  is  advisable  to  quit  working  in  that  shaft 
and  commence  digging  a  new  one  higher  up  the  hill.  This  last 
shaft  should  strike  the  rock  above,  or  at  the  vein.  It  is  advisable 
to  dig  the  first  shaft  a  few  feet  deeper  than  the  blossom  of  the 
ore,  for  it  may  happen  the  surface  of  the  rock  is  near,  and  if  this 
is  tiie  case  the  vein  cannot  be  far  off. 

In  following  the  indications  of  an  ore  deposit,  we  are  always 
to  distinguish  between  heavy  and  light  ores,  between  friable  and 
hard  material.  A  piece  of  anthracite  coal  may  be  carried  500 
miles,  without  losing  much  of  its  form ;  bituminous  coal  to  a  less 
distance,  and  lignite  will  bear  still  less  travelling.  Gold  cannot 
be  found  far  from  its  origin ;  heavy  rains  may  carry  it  down  a 
steep  hill,  but  a  river  .will  not  move  it;  or  if  it  did,  it  would  soon 
be  destroyed,  as  it  is  rubbing  constantly  upon  the  rock,  or  be- 
tween clean  hard  gravel  on  the  bottom ;  and  being  very  liable 
to  abrasion,  it  is  soon  divided  into  small  particles,  which  are 
floated  off  by  the  current.     Even  the  most  gentle  motion  of 
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water  will  bear  away  fine  particles  of  gold.  Galena  may  be  car- 
ried farther  &om  the  place  of  its  origin  than  gold ;  it  is  not  so 
heavy  as  that,  and  hard,  but  it  is  liable  to  be  broken  into  small 
cubes,  which  are  often  extremely  fine  when  foimd  in  the  beds  of 
the  rivers.  Useful  iron  ores  are  never  carried  far  by  a  current, 
they  are  too  tender  to  bear  that  kind  of  transport.  Tin  ores  are 
often  found  in  alluvial  gravel,  bedded  upon  rocks,  but  they  sel- 
dom appear  at  the  surfiice,  except  in  old  deposits,  always  protected 
by  a  layer  of  graveL  All  other  ores  are  too  finable  to  be  carried 
by  such  forces  as  water,  and  too  oxidizable  to  resist  the  oxygen 
of  the  atmosphere  for  a  long  time.  Where  such  specimens  are 
found,  there  must  be  a  vein  near  at  hand. 

Exploring  by  shafts. — When  an  ore  deposit  has  been  so  far 
explored,  as  to  show  the  nature  of  the  vein,  and  the  quality  of 
the  ore  has  been  examined  superficially,  as  to  its  value  to  the 
smelter,  the  vein  is  opened  by  penetrating  farther  into  it  Suffi- 
cient room  is  now  made  to  work  the  vein,  and  the  whole  thick- 
ness is  cut  out,  for  some  extent  The  amount  of  the  vein  taken 
out  must  be  in  proportion  to  the  angle  of  the  walls  of  the  vein, 
that  is,  the  rock  on  each  side  of  it ;  are  these  parallel,  that  is,  do 
they  show  no  curves  or  divergence,  we  are  justified  in  concluding 
the  vein  to  be  uniformly  thick.  A  few  yards,  or  fix)m  twelve  to 
fifi;een  feet,  are  in  most  cases  sufficient  to  investigate  the  character 
of  a  vein.  Are  the  walls  of  the  vein  curved,  or  divergent  in  one 
or  the  other  direction,  we  have  to  act  more  cautiously  and  con- 
tinue to  explore  it  If  the  divergence  increases  rapidly,  we  may 
conclude  the  vein  to  be  a  lode  or  mass  of  more  or  less  extent.  In 
all  cases  it  is  necessary  to  expose  the  walls  of  both  sides,  so  as  to 
obtain  a  correct  view  of  the  inclination  of  the  axis  of  the  vein. 
The  axis  is  that  plane  which  is  equidistant  from  the  walls  of  the 
vein;  and  as  this  plane  is  not  always  straight,  we  divide  it  into  a 
nimiber  of  small  straight  planes,  or  convert  it  into  a  curved 
plane. 

The  conditions,  imder  which  the  operations  of  exploring  may 
be  continued,  must  now  be  considered  before  proceeding  any 
fiurther  with  the  operation.  The  first  consideration  involved  re- 
lates to  the  nature  of  the  ore.  It  must  be  assp.yed  as  to  its  quality, 
and  if  an  opportunity  is  affi^rded  by  smelt  works,  to  test  it  on  a 
large  scale,  at  least  some  tons  ought  to  be  smelted ;  and  if  we 
want  a  thorough  trial,  one  furnace  ought  to  work  this  particular 
ore  at  least  until  all  other  ore  and  metals  are  tapped,  and  the  trial 
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ore  is  the  only  one  in  the  furnace.  This  test  smelting  is  neces- 
sary for  iron,  lead,  copper,  zinc,  and  similar  ores.  The  value  of 
the  ores  of  precious  metals  can  be  ascertained  by  the  assay,  on  a 
small  quantity,  with  perfect  certainty ;  also  the  value  of  mercury, 
nickel,  and  some  others.  In  those  cases  where  the  value  of  the 
metal  produced  depends  on  its  purity,  a  trial  on  the  large  scale 
never  ought  to  be  omitted.  It  is  almost  impossible  to  find  a 
small  quantity  of  phosphorus  or  sulphur  in  iron  ore  by  the 
assay,  while  the  quantity  of  that  substance  may  be  large  enough 
to  injure  the  quality  of  iron  manufactured,  so  as  to  make  it 
unsalable. 

The  next  consideration  is  the  price  of  ore,  that  is,  the  ex* 
penses  of  mining.  K  the  vein  or  deposit  is  in  alluvial  soil,  the 
body  of  ore  and  its  direction  will  afford  the  means  of  ascertaining 
the  amount  of  incumbent  earth  to  be  removed.  The  price  at 
which  this  may  be  accomplished,  reduced  to  one  ton  of  ore,  or  any 
other  measure  we  choose,  forms  the  standard  of  dead  work.  K 
the  vein  is  imbedded  in  rock,  the  expense  will  depend  very  much 
on  the  solidity  and  hardness  of  the  ore  itself;  the  price  of  dig- 
ging it  is,  however,  chiefly  regulated  by  the  undermining,  and  the 
thickness  of  the  vein.  K  the  vein  is  bedded  upon  a  soft  under- 
stratum, which  may  be  easily  penetrated  by  the  pick,  it  shows  to 
the  best  advantages  to  the  miner  for  taking  out  the  ore.  This 
undermining  is  of  the  utmost  importance,  and  in  many  instances 
determines  the  value  of  the  vein.  The  best  position  for  it  is 
below  the  vein,  between  the  rock  and  the  vein ;  its  thickness,  if 
but  two  inches,  is  suflScient,  three  inches  are  better,  and  if  thicker 
than  that,  there  is  no  harm  in  it.  The  undermining  may  be  in 
the  middle  of  the  vein,  or  at  the  top  of  it,  or  it  may  be  in  the 
rock  above  or  below  the  vein ;  in  all  cases  it  forms  the  most  im- 
portant auxiliary  to  the  miner;  without  it  the  work  progresses 
but  slowly,  and  must  be  expensive  in  consequence.  The  under- 
mining may  be  a  vein  of  sofl  clay,  or  clay  slate,  shale,  carbonate 
of  lime  in  stalactites,  gravel,  sand,  or  ore  in  a  loose  form ;  crevi- 
ces in  the  vein,  or  water-courses  near  it.  The  nature  of  the 
adjoining  rock  has  no  influence  upon  the  price  of  the  ore ;  it  bears 
only  a  proportional  part  on  the  whole  amount  of  ore  raised,  so 
far  as  dead  work  is  to  be  performed  in  it.  The  location  of  the 
vein  forms  another  object  of  our  consideration.  If  the  vein  is  in 
low,  marshy  ground,  the  accumulation  of  water  will  be  great,  and 
the  expenses  of  removing  it  considerable.    K  the  vein  is  so  lo- 
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cated  that  the  water  above  it  may  filtrate  into  the  mine,  and 
annoy  the  miner,  it  is  a  means  of  increasing  the  expenses  of 
extraction.  K  the  vein  dips  from  the  place  of  exploration  it  will 
accumulate  water,  and  water-courses  must  be  cut  ihto  the  bed 
rock  to  remove  it  The  price  of  labor  and  the  facility  of  pro- 
curing workmen,  is  an  object  to  be  well  digested  before  forming 
the  conclusions  as  to  the  cost  at  which  the  ore  can  be  dug.  In 
a  populous  country  laborers  may  be  had  at  any  time,  skilful 
miners,  however,  may  be  scarce,  and  the  latter  are  as  necessary  to 
insure  good  success  as  any  other  item  in  the  calculation.  Good, 
sober  workmen,  perform  always  the  cheapest  labor;  but  these 
claim  the  comforts  of  civilization,  and  if  we  are  to  procure  those 
comforts  for  them,  it  cannot  be  done  without  incurring  expenses 
which  are  frequently  neglected  in  the  estimates  by  those  who  lay 
the  plans  of  mining  operations.  The  price  of  labor  is  or  may  be 
considered  uniform  over  the  United  States,  but  it  is  evidently 
higher  in  the  western  and  southern  states  than  in  the  east  and 
north.  Nominally,  the  wages  paid  are  higher  in  the  latter  parts 
of  the  Union,  but  really,  the  labor  performed  is  cheaper ;  the 
workmen  do  more  work,  and  do  it  better  than  in  the  south  and 
west  of  the  Union.  The  labor  in  the  Pacific  states  and  terri- 
tories is  at  present  high,  and  rich  mineral  deposits  only  will  pay 
the  expenses  necessarily  connected  with  mining  operations  in 
them.  This  state  of  things,  however,  is  temporary,  and  will  dis- 
appear in  the  course  of  a  few  years,  provided  they  possess  lasting 
mineral  treasures.  Fuel  is  in  most  instances  an  important  item  in 
determining  the  value  of  an  ore  deposit.  Gold  deposits,  in  alluvial 
groimd,  or  where  it  is  found  in  abundance  in  the  metallic  state  in 
veins,  does  not  require  much  fuel  for  its  production.  The  supply 
for  a  steam  engine  is  in  most  cases  all  that  is  required,  but  even 
this  is  in  many  instances  an  important  item  of  expense.  Zinc  re- 
quires a  large  amount,  and  therefore  cheap  f\iel.  Iron  requires 
less,  but  still  a  cheap  fuel.  In  the  production  of  lead  and  other 
metals,  there  is  less  objection  to  using  expensive  combustibles. 
The  price  and  quality  of  timber  is  oflen  a  large  item  of  expendi- 
ture in  mining  operations;  in  extensive  and  heavy  lodes,  in 
firiable  rock,  and  damp  mines,  the  wood  does  not  last  long,  and 
much  is  required.  Pine  wood  is  by  far  more  expensive  than 
leaf  wood,  because  of  its  brief  durability.  The  facilities  for 
transportation,  or  the  proximity  of  smelt  works,  or  a  market,  is 
an  object  generally  well  imderstood  by  our  citizens,  and  needs 
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only  to  be  mentioned  as  an  active  agent  in  determining  the  value 
of  a  mine.  All  the^  considerations  taken  together,  form  the 
basis  for  estimating  the  price  of  ore,  and  the  value  of  a  mine. 

The  price  of  a  ton  of  ore,  for  which  we  assume  2240  pounds, 
avoirdupois,  is  regulated  by  thfe  market  for  it,  or  by  the  smelt 
works.  Gold  ores,  which  appear  in  the  form  of  ferruginous 
slates,  free  from  adhesive  clay  and  not  too  hard,  may  be  crushed 
and  amalgamated ;  in  fact  the  metal  obtained  from  it,  at  an  e:^- 
pense  of  one  dollar  per  ton  in  the  mill,  driven  by  a  steam  engine. 
The  quantity  of  gold  in  such  ores  is  therefore  the  means  by 
which  to  determine  the  value  of  the  mine.  K  we  subtract  one 
dollar  from  the  actual  quantity  of  gold  in  a  ton  of  rock,  for  the 
necessary  expenses,  we  obtaio  the  value  of  the  remaining  gold 
which  is  to  pay  for  raising  the  ore.  If  the  ore  contains  much 
clay  it  impedes  the  progress  of  work  in  the  mill,  and  $1  50  may 
be  set  down  as  mill  expenses.  If  the  ore  contains  iron  or  copper 
pyrites,  a  large  quantity  of  quicksilver  is  lost  in  amalgamation, 
which  may  increase  the  expenses  to  $2  and  more.  The  presence 
of  lead  and  other  metals  of  similar  nature  increase  the  mill  ex- 
penses, because  mercury  is  absorbed  by  these  metals  and  lost. 
The  mill  expenses  constitute  a  necessary  and  unavoidable  outlay, 
and  these  are  the  first  items  to  be  considered ;  the  remaining 
quantity  of  metal  must  pay  the  expenses  of  mining,  the  interest 
on  the  capital  invested,  and  furnish  the  profits.  If  the  veins  of 
gold  ore  are  composed  of  a  soft  slate,  such  kind  as  most  of  the 
Virginia  mines  show,  and  are  so  thick  as  to  admit  of  a  man 
standing  upright  to  work  in  them,  a  ton  of  ore  can  be  dug  at 
from  60  to  75  cents-  average  wages;  to  which  amount  dead 
work  and  interest  on  capital  is  to  be  added.  Ifthe  vein  is  com- 
posed of  hard  rock,  such  as  some  of  the  vitrified  magnesia 
slate  and  quartz  veins  of  North  Carolina  and  Georgia,  the  price 
of  mining  increases  from  $1  to  $8,  and  more.  Is  the  vein  thin, 
so  that  a  part  of  the  dead  rock  is  to  be  taken  out  in  order  to 
admit  the  miner,  the  cost  of  working  the  rock  increases  the  ex- 
penses of  the  ore,  and  must  be  taken  into  account.  A  man  may 
dig  a  ton  of  soft  slate  at  50  cents,  hard  slate  at  $1  to  $8,  and  hard 
quartz,  porphyry  or  stratified  gneiss,  at  $2  to  $6.  The  general 
expenses,  such  as  dead  work,  pumping,  hoisting,  ventilating,  and 
others,  are  proportioned  to  the  whole  amount  of  ore  taken  out 
of  the  deposit  and  calculated  per  ton ;  of  this  we  shall  speak 
hereafter.     Open  digging  and  an  injudicious  ndiethod  of  work 


26  METALLUBGY. 

may  produce  cheap  ore  for  a  certain  tune,  but  it  iofalliblj  in- 
creases the  expenses  of  extraction  rapidly  with  the  depth,  and 
generally  encumbers  a  mine  for  ever.  SkilftJly  conducted  work 
below  ground  is  always  the  cheapest  in  the  course  of  time ;  it 
causes  more  expenses  than  open  work  at  first,  but  these,  when 
appropriated  to  the  body  of  ore,  are  generally  found  to  be  very 
small,  and  soon  are  repaid  by  the  superior  advantages  accruing 
to  the  miner,  and  by  the  facilities  it  affords  in  employing  steam 
or  water  power  to  assist  the  miner  in  removing  the  ore  and  the 
water. 

The  expenses  for  producing  a  ton  of  pig  iron  in  the  smelt 
works  are  fi:om  $10  to  $15,  exclusive  of  interest  on  capital  in- 
vested. The  latter  generally  increases  the  cost  to  the  amount  of 
$1  50  to  $2.  K  the  price  of  pig  iron  is  $20,  and  the  smelting 
costs$ll  50,  the  ore  necessary  for  a  ton  of  iron  may  cost  $8  50, 
which  price,  however,  would  give  no  profit  to  the  smelter,  and 
no  fund  for  incidental  expenses.  Two  tons  of  rich  magnetic  ore 
can  produce  a  ton  of  iron ;  this  kind  of  ore  may  therefore  cost 
$4  a  ton.  Three  tons  of  good  hematite,  or  red  oxide,  are  in  most 
cases  required  for  making  a  ton  of  iron,  and  such  ore  should  not 
cost  more  than  $2  66.  The  poor  hematites,  bog  ores,  and  poor  ores 
generally,  do  not  furnish  more  than  25  per  cent,  of  metal,  and 
such  ore  cannot  be  worth  more  than  $2  per  ton.  The  price  of 
pig  iron  varies  according  to  quahty ;  it  is  higher  for  charcoal 
than  for  anthracite  and  coke  iron,  and  higher  for  cold  than  hot- 
blast  iron.  But  this  does  not  enhance  the  value  of  the  ore,  be- 
cause these  are  items  which  increase  or  diminish  the  cost  of 
smelting.  On  an  average  we  may  assume,  that  if  a  ton  of  rich 
magnetic  ore  costs  more  than  $4  at  the  smelt  works,  good  hema- 
tite more  than  $3,  and  poor  ores  more  than  $1  50  or  $2,  they 
are  too  expensive  for  our  iron  manu&cturers. 

The  price  of  lead  ore  at  the  Missouri  lead  mines  varies  firom 
$20  to  $40  per  ton.  The  smelters  buy  it  at  that  rate.  The  latter 
price  is  not  generally  paid,  and  $30  may  be  considered  the  aver- 
age for  clean  ore.  If  the  ore  veins  happen  to  be  strong,  the 
miners  make  good  wages ;  but  the  business  is  not  so  remunerat- 
ing as  to  insure  large  profits.  The  smelt  works  yield  but  little, 
and  so  the  miners  suffer.  If  mining  was  carried  on  here  with 
judgment  and  capital,  the  price  of  the  ore  might  be  reduced  con- 
siderably, but  there  is  little  prospect  at  present  for  such  invest- 
ments.   The  expense  of  smelting  a  ton  of  lead  from  good  ore 
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amounts  to  about  $16 ;  and  if  incidental  expenses  and  interest 
on  capital  are  considered,  it  may  be  estimated  at  $20.  If  the 
price  of  metallic  lead  is  $3  at  the  smelt  works  per  hundred  pounds, 
it  will  bring  a  ton  to  $66,  from  which  the  smelting  is  to  be  de- 
ducted ;  the  remainder  is  for  ore  and  profit  Galena  will  yield 
about  60  per  cent  of  lead  when  pure,  this  makes  more  than  1.6 
tons  of  ore  necessary  for  one  ton  of  metal,  and  if  the  ore  is  as 
high  as  $30,  it  leaves  but  little  or  no  profit  to  the  smelter. 

Copper  ores  sell  at  a  uniform  price  at  the  smelt- works,  and 
$2  50  per  cent,  and  per  ton  is  the  average  price  paid  for  ores. 
That  is,  a  ton  of  ore  which  contains  10  per  cent  of  copper, 
and  is  free  from  injurious  metals,  such  as  lead,  pays  $25  at  the 
furnaces. 

Other  ores  than  those  mentioned  are  uncertain  in  their  value ; 
the  amoimt  of  metal  does  not  directly  influence  their  price.  It 
is  the  admixture  of  other  matter  which  has  the  most  decided 
bearing  upon  their  valuation.  We  shall  refer  to  these  ores  in 
their  proper  places ;  and  also  allude  to  the  value  of  coal  and  com- 
bustibles, in  the  chapters  assigned  to  these  various  subjects. 

Eoiximination  of  the  Deposit, — Such  considerations  as  the  fore- 
going, determine  if  the  miner  is  to  proceed  any  farther,  or  drop 
the  enterprise.  If  it  is  concluded  to  proceed,  the  next  step  is  to 
ascertain  the  mass,  position,  and  extent  of  the  vein ;  this  exami- 
nation is  in  all  instances  tedious,  slow,  and  in  some  cases  expen- 
sive. The  form  of  the  ore  deposit  may  be  a  mass — that  is,  a 
large,  irregular-shaped  nodule,  of  more  or  less  extent ;  it  is  then 
an  irregular  heap,  rounded  or  oval ;  it  may  extend  for  miles,  or 
only  for  a  few  yards ;  its  plane  or  largest  extension,  may  be  hori- 
zontal, inclined,  or  vertical.  These  deposits  are  generally  foimd 
in  alluvial  soil,  in  beds  of  clay,  or  shale,  in  the  old  unstratified 
rocks,  and  on  the  surface  of  the  ground.  The  iron  mountain  of 
Missouri,  the  hematite  ores  of  Alabama,  Tennessee,  Eastern  Penn- 
sylvania, and  other  ores,  appear  in  that  form.  These  are  mineral 
masses  detached,  to  all  appearances,  from  other  masses.  They 
send  no  veins,  no  ramifications  into  the  rocks  around.  The  form 
of  the  ore  vein  may  again  be  a  lode,  or  a  flattened  mass,  of  more 
or  less  extent ;  it  may  terminate  in  almost  sharp  edges  at  its  ap- 
parent terminations,  but  these  are  always  found  to  be  small 
veins,  connecting  it  with  another  lode ;  it  is  in  fact  a  vein  in  an 
irregular  form.  A  lode  may  run  parallel  with  the  strata  of  the 
rock,  or  cross  these  strata ;  it  may  penetrate  unstratified  rock. 
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and  cross  in  its  extension  and  course  oilier  mineral  veins,  and 
other  lodes.  A  lode  may  extend  horizontally,  or  vertically,  or 
may  traverse  the  rock  in  any  degree  of  inclination  to  the  hori- 
zon, or  to  the  strata  of  the  rock.  These  forms  and  masses  of 
ore,  are  often  deranged  in  their  supposed  course,  indicated  by 
observing  but  a  small  part  of  it ;  they  often  dwindle  into  small 
veins,  or  divide  themselves  into  a  number  of  small  veins :  these 
modifications  are  generally  caused  by  the  rock  in  which  the  lode  is 
imbedded.  Lodes  are  characterized  by  distinct  marks  from  the 
rock,  and  may  be  traced,  even  by  the  accompanying  matter,  dis- 
tinctly, which  latter  possesses  always  distinguishing  featurea  Pyri- 
teous  ores  appear  chiefly  in  lodes,  and  all  sulphurets  may  be  sup- 
posed to  have  their  origin  at  and  in  the  primitive  rocks.  Lodes 
are,  therefore,  very  valuable  forms  of  minerals,  and  it  is  of  great 
importance  to  the  miner  to  investigate,  before  he  goes  to  work,  if 
his  mine  is  a  part  of  a  detached  mass,  or  a  lode.  Veins  appear 
in  a  more  regular  form  than  lodes ;  their  position  is  more  definite, 
and  either  parallel  with  the  strata  in  which  they  occur,  or  cross 
these  at  certain  angles  in  a  manner  more  distinct  and  regular 
than  lodes  or  masses.  Coal  deposits  appear  in  veins,  very  sel- 
dom in  masses,  not  at  all  in  lodes.  The  gold  ores  of  the  South- 
em  States  are  found  in  veins.  Pockets,  concretions  or  nodules, 
are  small  detached  masses  of  minerals,  which,  generally  are  soon 
exhausted.  Pockets  are  formed  by  gold,  lead,  and  silver  ores ; 
nodules  are  foimd  in  the  coal  series,  forming  spheroidal  masses  of 
iron  ore.  Galena  is  found  in  concretions,  pockets,  lodes,  and 
masses ;  but  the  latter  are  not  frequent. 

In  order  to  determine  the  form  of  the  deposit,  it  is  necessary 
to  open  a  certain  portion  of  the  ground,  and  even  explore  its 
supposed  edge ;  open  the  vein  in  various  places,  and  arrive  in 
that  way  at  a  definite  conclusion.  It  is  of  great  importance  to 
know  the  form  of  the  mineral  mass ;  it  is  not  suflBcient  to  investi- 
gate its  inclination  and  direction,  for  the  plan  of  working  a  mass 
is  quite  difierent  flrom  that  of  working  a  vein,  or  extracting  the 
contents  of  pockets.  When  a  vein  or  mineral  deposit  has  been 
so  far  opened  as  to  show  its  general  direction  and  inclination,  we 
measure  the  first  by  the  magnetic  needle,  and  the  latter  by  the 
plumb-line  or  the  level.  In  case  any  doubt  is  entertained  as  to 
the  continuance  of  the  form  of  the  vein,  which  it  shows  so  far  as 
is  explored,  it  ought  to  be  opened  &rther  in  order  to  satisfy  our 
mind  as  to  its  direction. 
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The  operations  connected  with  the  investigation  of  an  ore 
deposit,  are  similar  to  those  of  siirve3ring,  and  the  same  instru- 
ments which  serve  for  that  purpose  may  be  used  in  this  instance. 
We  perform  all  the  operations  of  the  surveyor,  and  find  besides 
the  inclination  of  the  deposit  K  the  extent  of  the  vein,  in  the 
mean  time,  is  to  be  investigated,  we  need  a  measure ;  for  which 
purpose  any  tape  or  silk  string  can  be  used.  A  wooden  rod,  or  a 
chain  measure,  or  a  yard  tape,  may  be  also  used.  Generally  a  sur- 
veyor's chain  of  four  rods,  or  sixty  feet  long,  is  used.  Besides 
the  chain^  there  are  needed  measuring  pins  made  of  iron,  about 
ten  inches  long,  having  an  eye  at  one  end,  on  which  they  are 
strung  to  an  iron  ring  or  leather  strap.  Two  staves  are  also  re- 
quired; these  should  be  at  least  six  feet  long,  mounted  at  one  end 
with  sharp-pointed  iron  so  as  to  penetrate  the  ground  readily ; 
these  staves  hold  the  ends  of  the  chain.  The  theodolite  is  often 
used  to  measure  the  inclination  and  direction  of  the  vein ;  but  as 
this  instrument  cannot  well  be  applied  below  ground,  a  more 
simple  one  is  used.  The  theodoUte,  however,  is  a  convenient  in- 
strument above  ground,  and  where  large  tracts  are  to  be  mea- 
sured it  is  profitable  to  use  it  in  preference  to  the  following  one. 
It  would  lead  us  too  fer  if  we  were  to  extend  our  researches  to 
the  uses  of  the  theodolite.  An  instrument  more  adapted  for 
service  below  ground,  and  serving  equally  well  above  ground  is 
the  level  and  suspension  compass. 
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Fig.  1,  represents  a  level  which  is  also  used  for  measuring 
the  horizontal  and  the  vertical  angles.  It  is  a  half-circle,  made 
of  thin  sheet  brass,  and  is  shown  in  half  its  usual  size.  The  two 
hooks,  which  must  be  bent  in  a  sharp  angle  at  the  points  of  sus- 
pension, are  screwed  to  the  semicircle,  and  the  edges  of  these 


80 


HETALI^URGY. 


must  form  h  perfectly  parallel  line  with  the  diameter  of  the  cu> 
cle.  The  instrument  represents  a  common  protractor,  with  the 
addition  of  the  hooks,  the  plumb-line,  and  the  bob.  The  point 
for  fastening  the  plumb-line  must  be  exactly  in  the  centre  of  the 
diameter,  and  a  strong  hair  line  is  preferable  to  a  silk  string. 
In  measuring  angles  this  semicircle  is  suspended  on  a  silk  string, 
which  is  drawn  in  the  direction  of  the  axis  of  the  vein. 

The  next  instrument  for  the  mining  engineer  is  the  suspension 
compass ;  it  is  represented  in  figs.  2  and  8  in  half  its  usual  size. 
These  instruments  ought  not  to  be  too  small,  or  their  indications 
are  not  very  correct.  Fig.  2  shows  a  similar  semicircle  as  the 
level,  fig.  1,  but  here  is  no  division ;  the  silk  string  on  which  the 
instrument  is  suspended  is  held  in  the  direction  of  the  vein,  and 
the  magnetic  needle  in  the  compass  indicates  the  deviation  of  the 
vein  from  the  magnetic  meridian. 
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Fig.  3,  shows  this  instrument  from   above.    The  compass 
being  suspended  in  a  universal  joint,  will  admit  of  any  motion 
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in  any  direction,  and  be  always  horizontal,  so  as  to  indicate  the 
true  magnetic  meridian,  as  soon  as  the  needle  is  at  rest  In  ob- 
serving a  series  of  lines  below  or  above  ground,  we  arrive  at  the 
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general  direction  of  the  course  of  the  vein.    These  instruments 
are  particularly  useful  below  ground. 

A  third  instrument  is  required  in  order  to  draw  the  plan  of  a 
mine,  and  its  extent  on  paper. 


Fig.  4^  represents  the  plan  compass ;  it  is  a  plate  of  brass,  of  about 
i  of  an  inch  thick,  fix)m  8  to  10  inches  long,  and  3  or  3*5  incheis 
wide.  The  edges  are  tapered  down  so  as  to  form  a  ruler's  edge, 
along  which  a  pen  may  be  drawn.  This  instrument  is  laid  on  the 
paper  on  which  the  plan  is  to  be  drawn,  and  serves  for  marking 
those  angles  and  distances  noted  in  the  pocket-book.  The  longi- 
tudinal axis  of  the  ruler  must  of  course  correspond  with  the  north 
and  south  direction  of  the  compass,  which  is  also  the  case  in  the 
suspension  compass,  where  it  &lls  in  a  line  with  the  silk  string  on 
which  it  is  suspended.  One  of  the  edges  of  this  ruler  may  be 
divided  in  feet,  or  decimals  of  feet,  and  the  other  in  duodecimals, 
so  as  to  afford  a  convenient  scale  for  the  plan  to  be  drawn. 

When  a  mineral  vein  has  been  opened  so  far  as  to  show  its 
direction  and  inclination,  we  take  the  first  by  means  of  the  sus- 
pension compass.  K  we  draw  a  silk  string,  or  a  string  of  any 
other  material,  in  the  direction  of  the  vein,  we  obtain  the  devia- 
tion of  that  direction  &om  the  magnetic  meridian ;  this  deviation 
is  noted  in  a  note-book,  for  reference.  The  inclination  is  ob- 
tained by  stretching  the  string  on  which  the  level  is  suspended 
parallel  with  the  walls  of  the  vein,  and  in  taking  the  middle  of 
the  divergence  we  obtain  the  axis  of  the  vein.  The  inclination 
is  of  course  calculated  perpendicularly  upon  the  direction  of  the 
vein:  both  directions  are  at  right  angles.  Are  both  inclina- 
tion and  direction  of  the  vein  noted,  we  proceed  above-ground 
and  mark  here  the  spot  where  the  vein  ought  to  crop  out,  in  case 
it  extended  to  the  surface.  This  is  the  starting  point,  and  from 
here  all  those  investigations  commence  which  are  to  lead  to  the 
examination  of  the  deposit.  Are  the  walls  of  the  vein  level, 
then  the  plane  of  its  axis  is  level,  and  the  vein  has  an  horizontal 
extension,  and  if  the  out-crop  of  the  vein  is  above  the  water- 
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level  of  the  ground,  we  may  readily  trace  its  outlines^  by  met- 
Buring  from  the  water-courses,  or  runmng  a  level  by  means  of  the 
instrument.  In  this  operation  there  is  no  need  to  be  very  par- 
ticular, for  such  veins  never  run  very  straight^  in  the  indicated 
direction.  At  intervals,  which  may  be  chosen  arbitrarily,  or  at 
convenience,  indicated  by  the  locality,  such  as  steep  slopes^ 
where  not  much  ground  is  to  be  removed,  we  dig  for  the  vein 
again,  and  ascertain  if  its  direction,  indicated  by  the  first  expo- 
sure, is  correct.  If  we  do  not  find  it  here,  it  will  be  necessary 
to  expose  the  rock  in  both  places,  in  order  to  obtain  the  nature 
of  that  above  and  below  the  vein.  The  farther  we  expose  this 
rock,  the  greater  probability  for  success  in  our  following  investi- 
gations. The  nature  of  the  rock  indicates  the  approach  of  the 
vein.  This  remark  applies  only  to  stratified  rocks,  and  veins 
which  run  parallel  with  the  strata  of  the  rock;  such  as  coal 
veins,  the  iron  ore  veins  of  the  coal  region,  and  the  gold  ore 
veins  of  Virginia.  Is  the  vein,  indicated  by  the  first  opening, 
not  found  in  the  expected  place,  we  return  to  the  first  spot,  and 
open  the  ground  nearer  to  the  first  exposure,  enlarging  in  this 
manner  on  the  direction  of  the  vein.  It  happens  quite  frequent- 
ly that  a  part  of  a  vein  indicates  a  certain  direction  which  is  not 
at  all  verified  by  subsequent  examinations ;  this  alludes  particu- 
larly to  lodes  and  masses.  In  making  the  openings  close  to- 
gether, we  may  follow  the  track  of  a  vein  easily,  and  in  marking 
the  directions  of  the  various  exposures  connected,  in  their  rela- 
tion to  the  meridian  and  horizon,  we  soon  find  out  if  the  vein 
runs  in  a  straight  or  more  or  less  inclined  plane,  or  if  its  plane  is 
curved.  K  an  out-crop  is  largely  exposed  on  the  surface 
then  we  may  calculate  with  probability  on  its  extension  in  the 
interior  in  a  similar  manner  as  its  exterior,  which  rule,  however, 
is  modified  by  various  circumstances. 

Is  the  inclination  of  a  vein  vertical,  or  nearly  so,  we  may 
trace  its  direction  above  ground  with  ease  and  certainty,  provided 
the  plane  of  the  vein  is  straight, — ^if  the  latter  is  curved  we  are 
to  investigate  the  curvature  before  we  obtain  a  correct  form  for 
laying  down  a  plan  of  operation.  These  veins  are  generally 
valuable  deposits,  for  they  extend  in  a  comparatively  small  sur- 
face deep  below  ground,  and  form  a  large  area.  K  these  veins  are 
an  injection  fix)m  below,  such  as  those  of  the  sulphurets  or 
pyriteous  ores,  they  generally  afiford  a  great  depth,  the  end  of 
which,  in  no  case,  has  been  reached  by  any  mine.    Veins  of  this 


kiiid  very  seldom  raa  quite  perpendicular;  they  are  in  most 
cases  more  or  less  inclined,  and  in  almost  all  instances  curved. 
Such  veins  frequently  assume  the  form  of  a  huge  irregular 
body  of  ore,  which  is  generally  limited  to  a  certain  extent, 
when  it  assumes  the  form  of  the  vein  and  ita  course  again. 
Steep  Teins  are  generally  irregular,  and  (^ten  divided  into 
small  branches,  ramifying  the  rocks,  uniting,  however,  always 
in  a  peculiar  spot,  i^n  to  pursue  their  course  together  in 
their  natural  manner.  These  veins  always  hare  a  general  direc- 
tion, and  the  course  of  most  of  them  is  from  S.  W.  to  N.  E.  If 
their  direction  is  from  W.  to  E.,  we  may  suspect  their  true  nature, 
at  least  they  will  not  extend  far.  In  observing  these  general  laws, 
and  the  exceptions,  we  hardly  can  foil  to  discover  the  true  course 
of  a  vein.  Veins  of  this  kind  are,  however,  frequently  dis- 
turbed by  faults,  which  cause  apparent  alterations  in  the  line  of 
progress,  but  we  find  the  true  direction  always  again  by  follow- 
ing through  the  fault  to  where  the  vein  sets  in  agtun.  Such  in- 
tersections are  often  found  to  be  vexatious,  but  if  we  follow  the 
vein  through  the  fault,  we  discover  the  ore.  In  some  in- 
stances, the  vein  is  crossed  under  certain  angles  by  another  vein ; 
if  we  know  the  angles  of  such  crossings  generally,  we  soon  de- 
tect the  original  vein,  if  it  has  been  disturbed  in  its  true  course. 
Faults  are  quite  common  in  the  veins  along  the  Atlantic  c(»>st, 
and  but  few  are  observed  in  the  western  coal  basin. 

Plan  of  a  mine. — When  the  survey  has  been  so  for  completed 
as  the  extent  of  ground  requires,  it  is  drawn  on  paper,  and  so 
arranged  as  to  show  all  its  relations  to  the  locality.  A  perfect 
plan  of  the  ground  is  laid  out,  the  vein  traced  on  that  surface ; 
sections,  perpendicularly  and  horizontally,  are  drawn,  which 
show  the  vein  in  all  positions.  Upon  these  plans  a  system  of 
working  the  mine,  for  its  ventilation,  and  the  hc»sting  of  water 
snd  ore  is  treated. 


In  fig.   6,    a  section   of  a   vein  is  represented,   which  be- 
longs to  the  plan  fig,  6.     This  vein  may  be  examined  over  the 
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sor&ce  of  the  hill,  and  the  fault  A  may  be  found  in  that  exami* 
nation;  but  if  it  is  not  found  atf  or  near  the  surfeu^,  and  the 
lower  part  of  the  vein  cannot  be  found  because  it  is  covered  by 
alluvium,  we  are  under  the  necessity  of  working  the  mine  at 
random,  or  lose  much  by  working  it  to  disadvantage.  In  such 
instances  a  general  knowledge  of  the  character  of  ore  deposits  is 
of  great  value.  If  the  vein  sets  in  parallel  at  the  top,*or  so  &t 
as  it  can  be  examined,  we  can  depend  upon  its  continuance,  and 
may  confidently  oonuaence  operations  at  the  lowest  point,  above 
the  water-level  of  the  grounds.  Is  the  mineral  deposit  a  mass, 
that  is,  are  its  walls  irregular,  diverging  in  one  or  the  other  direc- 
tion, it  is  unsafe  to  attack  the  mass  from  below,  for  it  may  not 
reach  at  all  to  that  depth,  or  may  turn  in  a  direction  opposite  to 
that  indicated  above.  In  this  case,  it  is  advisable  to  drive  a  level 
not  lower  down  than  the  deposit  has  been  examined  at  the  sur- 
face. Is  the  character  of  a  mineral  vein  of  an  irregular  form, 
composed  of  pockets  and  small  veins,  such  forms  in  which  lead 
ores  generally  are  found,  we  cannot  form  a  correct  plan  of  the 
mine,  the  operation  is,  in  this  case,  of  a  hazardous  nature.  In 
such  instances  the  best  plan  is  to  drive  a  level  conveniently  to 
the  discharge  of  water,  and  the  hauling  of  the  ore,  in  the  direc- 
tion of  the  deposit.  Pockets  are,  therefore,  the  most  disadvanta- 
geous forms  of  veins,  no  system  of  working  can  be  applied,  and, 
on  the  whole,  it  is  mere  accident  if  a  mine  of  small  extent  of 
this  kind  of  veins  succeeds.  The  parallel,  or  regular  vein,  the 
lode,  or  irregular  vein,  and  the  mass,  are  the  most  profitable  forms 
for  cheap  extraction. 

Fig.  6,  D  D  D  D,  is  a  lot  of  ground  through  which  a  mineral 
vein  has  been  traced.  Its  direction,  with  all  its  deviations  from 
the  straight  line,  is  drawn  on  paper,  and  in  the  position  as  it  ap- 
pears in  nature ;  all  the  hills,  ravines,  houses,  forests,  and  fields 
must  be  marked  out.  The  owner's  name,  and  the  names  of  the 
adjoining  neighbors,  and  the  boundaries,  must  be  inserted  in 
the  plan ;  and,  if  possible,  the  deviation  of  the  magnetic  me- 
ridian from  the  true  meridian,  marked  in  the  drawing.  In  this 
plan  of  the  groimd,  the  direction  and  thickness  of  the  known 
vein  is  marked,  in  a  color  indicative  of  the  color  of  the  mineral. 
Is  more  than  one  vein,  D  F,  known,  these  are  marked  also  in  the 
plan ;  and  if  a  vein  is  present  which  crosses  the  first,  it  must  be 
particularly  marked.  When  all  the  veins  are  marked  down  on 
the  plan,  various  sections  are  compiled  with  the  assistance  of 
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the  means,  obtained  b7  coal  ezamination ;  these  sectionB  most 
be  laid  in  certain  directions,  and  marked  accordlnglj.  A  section, 
as  that  represented  in  Sg.  5,  it  is  almost  impossible  to  find  bj  sur- 
face-diggLDg,  and  for  this  reason  a  strught  vein  is  aaaumed  ia  the 
plan  and  section.  When  the  fault  of  the  vein  is  fsund  by  actual 
work  belpw  groond,  it  is  subsequently  marked  in  the  plan. 
Variona  sections  may  thus  be  drawn,  and  the  veins  put  into  their 
true  position  and  relation.  In  this  instance,  where  the  course  of 
the  main  vein,  A  B,  is  from  E.  to  W.,  and  the  dip  from  N.  to  S.,  and 
the  hill  is  sloping  with  the  dip,  we  naturally  are  inclined  to  start  a 
level  from  the  water-course  below,  in  the  shortest  distance  from  C 
to  the  vein,  particularly  if  a  ravine  cuts  the  hill  at  right  angles 
with  the  vein.  An  arrangement  of  this  kind  would  answer  the  pur- 


pose  very  well,  providedno  water  comes  down  the  ravine,  for  in 
that  instance  the  level  or  drift  will  be  always  wet,  annoy  the 
workmen,  and  destroy  the  timber  before  its  natural  decay.  A 
drift  is,  therefore,  never  to  be  in  a  wet  place,  below  a  ravine,  or 
in  a  direction  from  whicb  springs  issue ;  it  must  be  driven  through 
the  dryeat  part  of  the  hill.  If  the  water  comes  into  the  mine,  it 
u  better  to  come  down  in  any  other  place  than  in  the  drift.  Is 
the  extent  of  the  property  limited  to  a  short  line  along  the  creek, 
and  is  the  drift  to  start  from  this  place,  it  ia  advisable  to  put  the 
mouth  of  the  drift  at  the  extreme  eastern-  point,  particularly  if  a 
second  workable  vein  should  cross  the  first,  as  in  this  instance. 
We  cut  now  the  level  parallel  with  D  A,  and  reach  the  end  of  the 
main  vein  in  A.  If  theair  b  bad  in  the  mine,  which  is  generally 
the  case  if  the  work  is  perforrhed  during  summer  season,  an  air 
aliaft  ought  to  be  sunk  at  A  while  the  drift  is  progressing.    If 
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the  work  of  the  drift  is  carried  on  during  winter,  and  the  mine 
not  very  extensive,  the  work  may  be  accomplished  in  the  cold 
season,  and  the  point  B  reached  by  a  gallery  from  A  in  time  to 
prevent  the  influence  of  hot  weather.  Either  at  A  or  at  B  there 
must  be  an  air-shaft  in  all  instances,  of  whatever  kind  or  nature 
the  mineral  may  be.  It  is  advantageous  to  enter  the  yein  at  one 
end  and  have  the  air-shaft  at  the  other  end ;  this  arrangement 
will  cause  circulation  through  the  whole  length  of  the  vein  A  B. 
Is  the  second  or  cross  vein,  F  E,  also  to  be  worked,  it  may  be  ex- 
tracted from  the  same  mouth  with  A  B ;  but  it  cannot  be  driven 
further  than  that  vein,  for  the  part  lying  behind  it  cannot  be  ven- 
tilated by  the  one  air-shaft;,  and  a  second  at  the  extremity  of  the 
latter  vein  is  required  to  bring  fresh  air  into  the  farthest  part  of 
the  vein.  The  vein  E  F  may  be  opened  by  a  gallery  which 
drains  the  main  vein  from  E,  and  also  by  the  dead  level  from  A. 
The  dead  level,  A  C,  as  well  as  the  galleries  driven  from  A  to  B 
and  from  E  to  B,  must  have  sufficient  fall  in  the  floor  so  as  to 
carry  oflF  the  water  conveniently,  and  prevent  any  accumula- 
tion of  it  in  the  interior,  even  in  wet  seasons. 

This  method  of  starting  a  mine  is  certainly  preferable  to 
working  a  similar  deposit  by  shafts.  The  dead  level,  C  A,  may 
be  at  first  expensive,  particularly  if  the  vein  dips  in  opposite  di- 
rections to  the  slope  of  the  hill ;  but  these  expenses  are  soon  re- 
paid by  the  greater  facility  with  which  hauling,  draining,  and 
airing  is  accomplished.  A  mine  may  thus  be  worked  without 
steam-power,  to  the  depth  of  the  natural  drain ;  and  if  the  veins 
are  exhausted  so  far,  a  steam-engine,  or  water-power  is  required 
only  to  raise  the  water  from  the  greater  depth  to  this  natural 
level.  The  ventilating  of  a  mine  is  also  more  convenient  and 
safe ;  and  so  far  as  it  is  above  the  drift,  there  is  never  any  diffi- 
culty about  fresh  air  in  the  mine. 

Is  the  ground  level,  or  but  gently  undulating,  imder  which  a 
deposit  of  ore  is  hidden,  the  manner  of  laying  down  a  plan  for 
operations  is  in  principle  the  same  as  above.  In  this  instance  we 
cannot  reach  the  vein  by  a  level  drift,  it  may  be  because  such  a 
drift  would  be  too  long,  or  its  mouth  fall  beyond  the  limits  of  the 
property.  We  are  also  compelled  to  work  the  mine  by  shafts. 
K  a  vein,  A  B,  fig,  7,  is  only  a  little  elevated  above  the  general 
water-level  of  the  locality,  and  would  a  dead-level  driven  to  it 
from  a  water-course  lay  but  a  small  part  of  the  vein  dry,  the 
vein  can  be  entered  at  A  by  an  inclined  plane,  following  the  in- 


dination  of  the  vein ;  or,  what  is  preferable  to  that  plan,  a  po- 
pendicular  shaft  is  sunk  down  from  G,  and  the  hoisting  done  bj 
means  of  this  shaft.  The  distance  of  the  shaft  from  the  out-crop 
depends  on  the  inclination  of  the  vein  and  its  probable  extent 
and  direction  below  ground,  the  extent  of  the  property  above, 
and  the  means  at  disposal  If  the  vein  is  not  well  known,  it  is 
advisable  not  to  go  too  far  off  from  the  out-crop,  else  the  vein 
may  disappear,  or  turn  in  a  direction  beyond  our  reach.     From 


the  shaft,  a  horizontal  drift  may  be  cut  at  a  certain  depth  in  the 
direction  towards  the  vein  in  order  to  secure  the  permanency  of 
the  shaft,  and  in  the  mean  time  save  means  and  time  at  the  out- 
set ;  the  money,  however,  laid  out  for  such  drift  is  a  dead  loss. 
If  means  and  time  admit,  it  is  always  preferable  to  go  with  the 
shaft  so  fat  as  to  reach  finally  the  greatest  depth  of  the  vein. 
The  shaft  may  even  cross  the  vein,  and  reach  its  lower  parts  by 
means  of  levels ;  this,  however,  has  its  disadvantages  as  well  as 
levels  above  the  crossing-point.  One  shaft  is  in  all  cases  suf&cient 
for  hoisting  and  pumping ;  it  ought  to  be  in  the  centre  of  the  pro- 
perty, or  the  centre  of  the  vein  belonging  to  the  property,  so  as  to 
make  the  distance  of  transport  below  ground  as  short  as  possible. 
Eveiy  mine  requires  at.least  one  air-shaft,  and  for  these  reasons 
two  shafts,  such  as  A  B,  fig.  6,  are  generally  placed  at  the  opposite 
extremities  of  the  vein ;  one  shaft  serves  here  for  hoisting,  the 
other  for  ventilation.  This  plan  is  very  imperfect,  it  causes  much 
hauling  below  ground ;  and  if  the  one  shaft  is  not  considerably 
higher  than  the  other,  the  ventilation  is  often  disturbed.  In 
these  instances,  it  is  the  better  plan  to  locate  the  engine  and 
hoisting  machinery  on  the  lowest  part  of  the  property,  in  case 
the  out-crop  of  the  vein  is  higher  than  that,  and  the  water  from 
the  pumps  of  the  engine  can  be  drained.  Is  the  out-crop  of  the 
vein  lower  than  any  other  part  of  the  ground,  it  is  advisable 
to  lay  the  mouth  of  the  shaft  as  high  as  possible,  in  order  to 
secure  draught  through  the  mine.   When  the  shaft  is  in  the  middle 
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of  the  vein,  two  sloping  shafts  at  each  end  of  the  vein  are  driyen 
from  below,  firom  the  galleries,  in  case  the  air  is  good  inside,  so 
as  to  admit  of  such  an  operation,  which  may  succeed  in  cold 
weather  and  in  oxides;  but  it  hardly  succeeds  in  sulphurets,  and 
not  at  all  in  coaL  In  cases  where  the  work  cannot  be  done 
from  below,  it  must  be  done  from  above,  which  is  more  expen- 
sive. It  is  in  all  instances  preferable,  if  these  air-shafts  can  be 
driven  in  the  vein  itself  instead  of  in  the  rock,  or  at  least  at  the 
terminations  of  the  vein,  or  at  its  out-crop.  In  all  cases,  a  con- 
siderable differenc/C  in  the  level  and  height  of  the  various  outlets 
ought  to  be  provided  for,  in  order  to  procure  the  necessary  draft 
in  one  of  these  outlets.  If  a  vein  is  more  or  less  inclined,  or  Is  it 
entirely  vertical,  or  horizontal,  there  is  no  difference  in  the  appli- 
cation of  these  principles ;  drainage,  air,  and  saving  of  labor  below 
are  the  conditions  which  guide  the  laying  down  of  the  plans. 
Reasonable  expenses,  so  far  as  first  cost  and  time  are  concerned, 
must  be,  and  are,  of  a  secondary  nature.  It  would  be  bad  prac* 
tice  to  spend  means  imprudently,  for  the  object  of  miaing  is 
after  all  but  a  plain  business ;  and  if  the  capital  invested  does 
not  pay  interest  and  repay  itself  before  the  vein  is  exhausted,  it 
is  advisable  not  to  engage  in  it. 

Irregular  Veins, — li^  in  examining  the  ou^crop  of  a  vein,  we 
cannot  decide  of  what  form  the  deposit  may  be,  we  are  compelled 
to  work  at  random,  without  laying  down  a  plan  of  operation, 
and  may  in  this  way  injure  the  vein  for  ftiture  operations  and  our 
own  interest.  Of  all  such  veins  as  coal  veins,  and  mineral  veins 
in  stratified  rocks  which  run  parallel  with  the  strata,  there  is  little 
doubt  of  their  continuing  in  the  general  direction,  but  veins  which 
penetrate  unstratified  rock,  alluvium,  .conglomerate,  or  cross 
stratified  rocks,  are  not  quite  safe  so  far  as  their  regularity  is 
concerned.  It  is,  however,  necessary  to  know  very  nearly  the 
direction,  inclination,  extent,  and  thickness  of  the  vein  before  we 
are  justified  in  erecting  machinery  or  concluding  a  plan  of  opera- 
tion. Is  the  deposit  thick  into  which  we  penetrate,  it  is  advisable 
to  follow  its  lower  plane,  in  order  to  penetrate  the  mass  from  below 
iQ  case  it  is  foimd  to  be  a  mass.  If  the  nature  of  the  vein  cannot  be 
ascertained  by  any  means  from  above,  it  is  advisable  to  penetrate 
the  ground  by  boring  holes,  such  holes  as  are  sunk  for  drawing 
salt  water  from  a  great  depth.  The  boring  of  an  artesian  well,  or  a 
salt  well,  is  quite  a  common  operation,  and  requires  but  little 
skill  and  means ;  still  there  are  some  advantages  in  doiug  the 
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voric  right,  it  saves  means  and  time,  and  for  these  reasons  we 
will  furnish  a  description  of  the  operation,  in  the  manner  in  which 
it  is  perfcmned  most  profitably. 


•  •• 


CHAPTER  II. 

Boring  for  Minerals. — ^There  is  no  difference  in  the  system  of 
boring  for  minerals,  or  boring  for  water ;  the  kind  of  rock  to  be 
penetrated  does  not  even  cause  any  material  difference  to  be  made 
in  the  means  or  tools  by  which  it  is  done.  In  the  Western  States, 
such  as  Virginia,  Ohio,  "Western  Pennsylvania,  Western  New- 
York,  and  others,  this  subject  is  well  xmderstood  and  well  per- 
formed Those  who  make  a  business  of  boring  for  salt  water, 
penetrate  the  stratified  rock  of  the  bitxmiinous  coal  formation,  at 
the  rate  of  $1  per  foot,  for  a  8  inch  hole ;  this  width  is  in  all 
cases  sufficient  for  a  test  on  a  mineral  vein.  In  the  above  States 
the  hemp  or  manilla  rope  is  used  for  boring.  This  is  called  the 
Chinese  method,  because  the  Chinese  have  practised  boring  in 
that  manner  since  oTir  knowledge  of  them.  The  Germans  pene- 
trate the  rock  by  means  of  iron  rods,  of  one  inch  square  or 
more.  These  rods  are  screwed  together  in  lengths  of  10  or  12 
feet  This  mode  of  work  causes  the  operation  to  be  rather  ex- 
pensive, on  account  of  the  price  of  tools  and  machinery,  and  it  is 
not  very  expeditious.  The  same  method  was  followed  by  other 
European  nations,  and  formerly  in  this  country.  In  recent  works 
of  this  kind,  wooden  rods  have  been  used  with  greater  advantage 
than  iron.  These  rods  are  long  slender  poles  of  pine  wood,  often 
80  and  more  feet  long,  moimted  with  iron  and  screwed  together ; 
they  have  the  advantage  of  being  light  and  elastic,  so  as  to  cause 
less  concussion  and  consequently  less  repair  than  iron  rods.  Rods 
offer  no  advantage  over  the  rope  but  that  of  longer  durability, 
and  the  earth  may  be  penetrated  to  a  greater  depth  by  means  of 
them  than  by  ropes.  The  latter  are  limited  on  account  of  strength 
to  about  1,000  feet,  while  rods  may  be  driven  down  to  2,000  feet 
and  deeper.  We  will  describe  an  apparatus  which  may  be  used 
either  for  hemp-rope  or  wire-rope,  which  was  made  originally  for 
hoop-iron  by  the  author,  it  being  cheaper  and  served  the  same 
purpose  as  ropes  of  either  kind 
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At  A,  in  fig.  8,  is  represented  a  log  of  oak  wood,  wMch  is  set 
peipendicularly  bo  deep  in  the  ground  as  to  penetrate  the  loose 
gravel  and  pass  a  little  into  the 
rock,  so  as  to  stand  firm  in  its 
place ;  it  is  well  rammed  by  gra- 
vel, and  the  ground  levelled  bo 
that  the  butt  of  the  log  is  flush 
with  the  surface  of  the  ground, 
or  a  few  feet  below.  Through 
this  log,  which  may  be,  accord- 
ing to  the  depth  of  loose  ground, 
from  5  to  SO  feet  long,  a  verti- 
cal hole  is  bored  by  an  auger  of 
a  diameter  equal  to  that  of  the 
boring  in  the  rock.  On  the  top 
^  of  the  ground,  on  one  aide  of  the 
hole,  is  a  windlass,  whose  drum  ifi 
^-■^  5  feet  in  diameter,  and  the  cog- 
^  wheel  which  drives  it  6  feet;  the 
i^^^^g  pinion  on  the  crank-axle  is  6 
.  inches.  This  windlass  serves  for 
Wsa^:^''  hoisting  the  spindle  or  drill,  aod 
18  of  a  Iai;ge  diameter,  in  .order  to  prevent  short  bends  in  the  iroQ 
which  would  soon  make  it  brittle.  In  all  cases  where  iron,  either 
hoop-iron  or  wire-rope,  is  need,  the  diameter  of  the  drum  of  the 
windlass  must  be  sufficiently  large  to  prevent  a  permanent  bend 
in  the  iron.  On  the  opposite  side  of  the  windlass  is  a  lever  of 
unequal  leverage,  about  one-third  at  the  side  of  the  hole,  and 
two-thirds  at  the  oppoMte  side,  where  it  ends  in  a  cross  or  broad 
end  in  cose  men  do  the  work.  The  workmen,  with  one  foot  on  a 
bench  or  platform,  rest  their  hands  on  a  railing  and  work  with 
the  other  foot  the  long  end  of  the  lever.  In  this  way  the  whole 
weight  of  the  men  is  made  use  of,  who  work  with  great  ease. 
The  lift  of  the  bore-bit  is  from  10  to  12  inches,  which  causes  the 
men  to  work  the  treadle  from  20  to  24  inches  high.  Below  the 
treadle  T  is  a  spring-pole  S  fastened  under  the  platform  on  which 
the  men  stand;  the  end  of  this  spring-pole  is  connected  by  a  link 
to  the  working-end  of  the  lever,  or  the  hoop-iron  directly,  and 
pulls  the  treadle  down.  When  the  bore-spindle  is  raised  by 
means  of  the  treadle,  the  spring-pole  imparts  to  it  a  sudden  return, 
and  increases  by  these  means  the  velocity  of  the  bit,  and  conse- 
quently that  of  the  stroke  downwards. 
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The  spindle  is  represented  in  fig.  9,  a  piece  of  square  east 
iron,  or  wrought  iron,  of  firom  200  to  300  lbs.  weight  for  a  hole 

Fm.  9. 
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of  three  inches  diameter.  For  larger  holes,  of  5  or  6  inches  di- 
ameter, its  weight  must  be  increased  to  800  or  1000  pounds.  At 
one  end  of  the  spindle  the  hoop-iron  or  rope  is  permanently  fast- 
ened by  screws  or  rivets ;  at  the  other  end  the  bore-bit  is  inserted 
in  a  roimd  hole  and  fsistened  by  a  fiat  key.  The  spindle  may  be 
provided  at  each  end  with  a  head,  in  the  form  of  a  cross,  but 
these  are  unnecessary  appendages ;  a  simple  square  rod  of  iron, 
whose  diagonal  section  is  equal  to  the  diameter  of  the  hole,  is  all- 
sufficient  for  the  purpose.  The  lengths  or  parts  of  the  hoop-iron 
may  be  made  as  great  as  possible,  and  should  be  of  the  best 
fibrous  charcoal  iron;  puddled  iron,  even  if  fibrous,  soon  gets 
brittle  in  the  course  of  time  and  work.  For  a  spindle  of  300 
lbs.,  hoop-iron  of  2  inches  by  y^  is  abundantly  strong,  for  heavier 
spindles  it  may  be  somewhat  stronger.  The  ends  of  the  hoops 
are  fastened  together  by  means  of  small  rivets  and  drilled  holes, 
and  this  riveting  ought  to  be  renewed  at  least  every  two  months, 
because  the  repeated  vibrations  cause  the  iron  to  get  brittle, 
which  is  the  case  at  the  joints  more  than  in  the  run  of  the  iron. 
At  the  upper  end,  where  the  hoop  is  fastened  to  the  lever,  there 
is  a  length  of  hoop-iron  nearly  equal  to  one  length  or  part,  at  one 
end  of  which  is  an  eye  permanently  fastened ;  this  fits  in  a  hook 
at  the  lever,  and  also  in  a  hook  at  the  drum.  This  loose  part  of 
the  strap  is  fastened  to  it  by  means  of  pinch  screws,  as  shown  in 
fig.  10,  by  this  means  the  hoop  may  be  made  longer  and  shorter, 

Fig.  10. 


as  the  bottom  of  the  bore  sinks  down ;  the  letting  out,  of  course, 
can  be  performed  only  while  the  work  is  stopped.  K  we  want 
to  let  out  while  the  treadle  is  in  motion,  which  is  necessary  in 
soft  rock,  a  screw  about  one  foot  long  is  provided  at  the  end  of 
the  treadle,  which  may  be  turned  while  the  machine  is  in  opera- 
tion. The  bore-bit  has  been  shown  in  fig.  9  as  it  is  fastened  to 
the  spindle.  This  is  a  simple,  flat  chisel,  whose  edge  is  steeled 
with  good  cast  steel,  and  a  little  rounded,  so  as  to  play  always  in 
the  centre  of  the  hole.    If  the  chisel  is  too  round,  or  pointed  in 
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the  middle,  the  hole  is  liable  to  get  narrow  in  the  bottom ;  if  the 
edge  is  straight,  the  hole  generally  widens  with  its  depth.  Other 
forms  of  the  bit  are  of  little  use,  they  merely  cause  trouble  and 
loss  of  time.  The  bit  must  be  fastened  very  firmly  in  the  spindle, 
and  the  shoulder  of  it  fit  closely  to  it,  or  both  are  liable  to  get 
out  of  order.  When  the  spindle  is  to  be  lifted  fix)m  the  pit, 
the  end  of  the  hoop  is  taken  from  the  treadle  and  hitched  to  the 
drum,  which  is  set  in  motion.  The  hoop  must  be  prevented 
from  winding  over  the  hook's  eye,  or  the  pinch  screws,  for  that 
would  cause  short  bends  in  the  iron  and  permanently  injure  it. 
The  drum  must  be  so  high  above  the  hole  that  the  spindle  may 
be  lifted  entirely  above  the  bore-log.  For  these  reasons  the  upper 
end  of  the  latter  is  frequently  found  to  be  some  feet  below  the 
surface  of  the  ground. 

The  operation  of  boring  is  simple ;  when  the  hole  through  the 
bore-log  is  sunk,  the  spindle  is  let  down,  hitched  to  the  treadle, 
and  the  latter  set  in  motion,  which  labor  two  or  three  strong  men 
can  readily  perform.  If  but  ten  or  twelve  inches  lift  is  imparted 
to  the  bit^  fix>m  80  to  40  strokes  may  be  made  in  one  minute. 
K  a  good  hoop-pole  is  appended,  from  30  to  45  strokes  may  be 
made  by  men,  and  fix)m  80  to  100  by  a  steam  engine.  The  rock 
is  thus  penetrated  by  repeated  blows,  of  which  from  50  to  100 
are  sufficient  to  sink  one  inch  deep  in  soft  slate  and  shale ;  from 
500  to  1000  in  sandstone  rock,  and  from  10,000  to  20,000  strokes 
in  graywacke  or  gneiss.  Even  as  many  as  30,000  and  40,000 
blows  have  been  struck  to  penetrate  one  inch  deep  in  hard  gray- 
wacke. Iron  pyrites  are  almost  impenetrable,  and  the  best  plan 
is,  if  the  vein  is  but  a  few  inches  thick,  to  break  it  by  heavy 
strokes  of  a  blunt  steel  point,  directed  so  as  to  break  off  pieces 
from  the  mineral.  When  a  certain  depth,  say  one  foot,  or  two 
feet,  is  penetrated,  the  debris  of  rock,  groimd  into  dust,  and 
floating  as  fine  sand  in  the  water  of  the  hole,  must  be  removed, 
which  is  done  by  the  pump ;  this  instrument  is  represented  in 
fig.  11 ;  it  is  a  sheet  iron  cylinder  of  fi:om  8  to  4  feet  long,  and 

Fig.  11. 


^  or  i  inch  smaller  in  diameter  than  the  diameter  of  the  hole,  so 
that  it  may  pass  down  easily ;  it  is  provided  at  its  bottom  with  a 
strong  iron  ring  riveted  firmly,  and  soldered  to  the  sheet  iron ; 
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upon  this  ring  is  fitted  a  valve,  which  may  be  a  poppet  valve,  or  a 
bally  or  what  is  equally  as  good  as  any,  a  trap  valve  formed  of  a 
piece  of  sole  leather  or  strong  India-rubber,  provided  with  a  piece 
of  metal  to  make  it  heavy  and  shut  close.  Metal  valves  do  not  shut 
well,  for  often  coarse  sand  gets  into  the  pump,  which  does  not  admit 
of  a  hard  valve  to  shut,  while  a  light  valve  of  soft  matter  will  press 
the  sand  out,  or  at  least  close  sufficiently  tight  to  prevent  the 
mud  from  flowing  out.  This  bucket  is  gently  let  down  upon  the 
bottom  of  the  well  by  means  of  a  small  rope,  a  wire-rope,  or  a 
hoop-iron  tape;  it  is  then  rapidly  moved  up  and  down  a  few 
times  by  hand,  and  raised.  This  latter  operation  is  best  performed 
by  a  small  windlass,  erected  purposely  for  the  pump.  The  strong 
windlass  is  too  heavy  and  slow  for  this  operation.  When  the 
pumping  has  been  repeated  two  or  three  times,  we  may  suppose 
at  least  all  the  heavy  sand  is  removed  from  the  bottom  of  the 
welL  Pumping  ought  to  be  performed  after  the  water  has  been 
for  a. while  at  rest,  early  in  the  morning  or  after  meal  times. 
This  operation  is  very  simple  and  efifectiial.  The  pump  in  being 
raised  rapidly  from  the  bottom  of  the  well  causes  a  strong  current 
of  water  to  pass  vertically  down,  this  stirs  all  the  heavy  sand  in 
-the  bottom,  and  even  pieces  of  iron  and  steel  which  may  acci- 
dentally fall  into  the  well,  and  bringsthem  into  the  pump.  Many 
other  devices  have  been  proposed  for  this  purpose,  but  we  know 
of  nothing  superior  to  this  simple  machine. 

Boring  by  5team.— -Where  a  steam  engine  is  at  command,  as  is 
generally  the  case  at  salt  wells,  the  operation  may  be  performed 
with  ease  and  cheaply.  Is  a  water-wheel  or  a  mill  at  the  place 
where  a  hole  is  to  be  sunk,  the  expenses  are  very  small,  one 
man  attending  the  whole  operation.  In  most  cases  it  does  not 
make  much  difference  where  the  hole  is  driven  down,  if  not  too 
fiur  off  firom  the  out-crop,  so  as  not  to  miss  the  ore  deposit.  If 
the  extent  of  a  mass  or  vein  is  known,  fmd  we  want  merely  to 
know  the  depth  from  a  certain  point,  in  order  to  calculate  the 
expenses  of  a  shaft  before  we  sink  it,  it  may  be  profitable  to 
erect  a  steam  engine  for  boring,  in  case  the  depth  is  considerable. 
Horses  or  mules  may  be  also  employed  at  a  common  horse-whim 
to  do  the  work ;  this,  however,  is  not  much  cheaper  than  manual 
labor,  but  the  work  may  be  done  faster.  In  case  a  steam  engine, 
water-wheel,  or  horse-power  is  used,  a  shaft  with  cams  or  tap- 
pets must  be  provided,  which  latter  press  upon  the  treadle  in- 
stead of  the  &et  of  men.    If  in  this  arrangement  the  shaft  with 
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tappets  can  be  so  arranged  as  to  be  moved  farther  ofi^  or  closer 
to  the  treadle,  it  is  recommended ;  for  if  changing  stratified  rock 
is  met  with,  different  heights  of  stroke  or  change  of  lift  is  re- 
quired ;  soft  rock  or  slate  cannot  bear  as  strong  blows  as  hard 
roc](.  In  this  case  the  spring-pole  must  be  strong  enough  to  bal- 
ance the  whole  weight  of  spindle,  and  rope  or  iron  belt,  so  as  to 
keep  it  suspended  when  at  rest.  The  large  drum  for  winding  up 
the  rope,  may  serve  as  an  axle  for  tappets ;  the  latter  are  then 
fastened  to  the  large  cog-wheel  and  lift  the  treadle  directly,  or 
what  is  the  same,  the  end  of  the  rope  or  iron  belt  The  crank- 
shaft on  which  the  handles  are,  serves  in  this  case  as  a  driving 
shaft,  driven  by  pulleys  and  belt  from  the  engine,  the  water- 
wheel  or  horse-power. 

Turning  the  spindle^  or  bit,  is  a  necessary  operation  which 
is  much  favored  by  a  hemp-rope,  not  so  much  by  a  wire-rope, 
not  at  all  by  hoop-iron,  or  by  rigid  bars  of  iron  or  wood.  In 
striking  the  bottom  of  the  well  by  the  sharp  chisel,  it  is  to  turn 
around  the  axis  of  the  spindle,  or  its  own  axis,  in  order  to  cut  a 
round  hole ;  the  more  rapid  this  operation  is  performed,  the  more 
correct  is  the  work,  and  the  faster  it  proceeds.  The  hemp-rope,  in 
lifting  the  spindle,  is  stretched,  and  endeavors  to  untwist,  setting 
the  spindle  in  a  rotary  motion,  in  which  it  continues  imtil  its  return 
to  the  bottom  of  the  well.  At  the  head  of  the  spindle  there  is  a 
loose  eye,  or  swivel,  in  which  the  rope  is  fastened :  the  rope  will 
return,  when  slackened,  and  assume  its  twist  again.  This  opera- 
tion, however  destructive  to  the  rope,  performs  the  rotary  motion 
of  the  bit  more  perfectly  than  any  other  means.  The  rigid-rod, 
and  the  hoop-iron  or  wire-rope,  must  be  turned  by  hand,  if 
no  machinery  is  expressly  prepared  for  the  purpose.  If  turned 
by  hand,  which  is  done  by  means  of  a  cross-handle  above  the 
bore-log  by  a  small  boy,  it  ought  to  be  done  rapidly ;  each  stroke 
ought  to  have  more  or  less  than  a  whole  revolution.  K  this 
operation  is  not  properly  attended  to,  the  bit  is  very  apt  to  cut 
rifles  or  flutes,  particularly  in  stratified  rock,  which  are  very 
troublesome  in  the  progress  of  the  work. 

Accidents, — ^It  may  happen  that  the  belt,  rope,  or  the  rod  breaks, 
or  the  bit  or  spindle  is  injured,  and  leaves  parts  of  steel  and  iron 
in  the  hole.  If  the  latter  is  the  case,  and  the  pieces  broken  off 
are  not  too  large,  the  most  expeditious  plan  is,  to  take  a  dull 
hard  bit  and  pound  the  iron  into  such  small  pieces  as  may  be  re- 
moved by  the  pump.    Is  the  belt  or  rod  broken,  the  operation  is 
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is  not  difficult,  but  in  the  latter  case  tedious.  The  hoop-iron,  or  a 
hemp  or  wire-rope  is  easily  drawn  up,  which  ia  most  conveniently 
done  by  the  following  machine.  In  fig.  12  is  repre-  p„  |^ 
sented  a  pair  of  tonga,  which  are  fiistened  to  the  j~r^ 
main  rope  R,  which  is  slackened  in  letting  down  -l- 
the  tongs,  W  is  a  single  wire,  or  a  small  hemp-  I  \ 
rope,  such  as  a  bed-cord,  or  the  pump-rope.  When 
the  tongs  are  so  iar  down  as  to  be  below  the  broken 
end  of  the  rope,  the  wire  W  is  pulled  so  as  to  open 
the  tongs,  after  which  the  belt  R  is  turned  round  its 
axis.  The  hpa  L  of  the  tongs,  forming  a  basket, 
sweep  now  the  circumference  of  the  hole,  and  draw  , 
the  broken  rod  into  their  grasp ;  when  such  indica- 
tiona  are  perceived  at  the  upper  end  where  the 
workman  is  turning  the  belt  R,  l^e  wire  W  is  sud- 
denly slacked,  and  the  sharp  steel  lips  will  bite  the 
iron  or  hemp;  the  whole  is  now  lifted  by  the  wind- 
lass, and  the  broken  ends  mended.  With  a  wrought- 
iron  spindle,  hardly  any  thing  can  happen ;  a  cast- 
iron  spindle  may  break,  but  if  made  of  a  square 
form,  there  is  so  much  room  on  the  four  flat  sides  as 
to  admit  two  sharp-pointed  bits  of  the  tongs,  which 
may  iasten  in  it  sufficiently  so  as  to  lift  it.  More 
vexatious  than  such  breaks  is  the  crumbling  of 
rocks,  particularly  if  these  rocks  are  hard  or  tough. 
If  the  spindle  has  a  little  space  at  its  upper  end,  and  a  piece  of 
rock  fells  down  from  a  higher  place  and  wedges  in  between  the 
spindle  and  the  walls  of  the  well,  it  causes  often  long  delay  and 
much  labor  to  remove  such  small  stones.  Is  the  treadle  moved 
by  men,  such  impediments  are  genially  observed  before  the 
rope  breaks,  and  may  be  made  less  disturbing  when  attended  to 
in  proper  time ;  but  if  a  steam  engine  or  other  power  is  at  work, 
it  will  tear  the  rope  or  rod,  and  cause  the  spindle  to  be  tightly 
wedged.  In  order  to  prevent  the  breaking  of  the  rope,  that  part 
of  the  lifter  where  the  rod  is  suspended  must  be  made  so  weak, 
that,  when  the  cam  lifts  it,  and  it  is  heavier  than  the  weight  of 
rope,  spindle,  and  bit,  it  will  break  and  prevent  by  its  rupture 
the  breaking  of  the  rope.  Is  the  latter  not  injured,  there  is  gen- 
erally not  much  difficulty  in  getting  the  spindle  out.  At  the 
top  of  the  bore-hole  must  be  always  a  certain  mark,  which  indi- 
cates exactly  the  depth  of  the  well  by  the  length  of  the  rope ;  if 
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the  spindle  is  in  any  way  raised  above  tlie  bottom,  we  may  know 
it  by  this  mark,  or  by  the  position  of  the  treadle.  In  this  case, 
gentle  up  and  down  motions  at  the  rope  will  generally  loosen 
the  spindle  so  as  to  make  it  play ;  its  going  down  to  the  bottom, 
however,  ought  to  be  prevented,  for  which  reasons  the  end  of 
the  rope  is  laid  on  the  windlass,  and  the  rope  so  far  stretched  as 
to  prevent  its  sinking  to  the  bottom.  By  means  of  the  treadle 
or  by  hand,  the  apparatus  is  now  kept  in  motion  and  gently 
raised  by  the  windlass.  K  these  means  will  not  succeed,  force 
at  the  windlass  is  tried,  but  never  beyond  the  strength  of  the 
rope  so  as  to  break  it.  K  this  also  fails  to  lift  the  spindle,  an 
iron  rod,  with  a  blunt  end,  which  cannot  penetrate  between  the 
spindle  and  the  walls  of  the  hole,  is  let  down  by  means  of  the 
pump-rope,  and  gentle  blows  are  imparted  on  the  head  of  the 
spindle ;  this  will  either  start  the  spindle,  or  will  crush  the  peb- 
bles which  hold  it.  Is  the  rope  or  rod  broken,  these  operations 
must  be  performed  with  more  caution,  so  as  to  prevent  forcible 
lifting;  for  when  the  tongs  have  hold  of  the  broken  end  of  the 
belt,  that  is  never  so  firm  as  the  rope  or  belt  itself 

Cementing. — Most  of  the  accidents  are  caused  by  loose  stones, 
gravel  or  pebbles,  crystals  or  pieces  of  slate,  from  cavities  above. 
Most  of  the  rocks  contain  caves,  or  nests  of  crystalline  loose  mat- 
ter, which  is  thrown  down  by  the  motion  of  the  water  and  the 
vibrations  of  the  boring  instruments.  In  these  cases,  pipes  of 
sheet-iron,  of  copper,  or  of  other  metals,  have  been  inserted  in 
such  places;  which  operation,  however,  is  expensive,  tedious, 
and  not  quite  safe ;  much  ingenuity  has  been  expended  on  insert- 
ing such  pipes.  In  aU  cases  of  boring,  the  mouth  of  the  well,  or 
upper  part,  ought  to  be  well  secured  by  the  bore-log ;  it  should 
reach  down  into  the  solid  rock,  and  prevent  any  dropping  of 
gravel  from  above.  When,  in  the  course  of  the  descent,  cavities 
are  penetrated  which  prove  to  be  filled  with  loose  matter,  threat- 
ening to  obstruct  the  progress  of  the  operation,  the  best  plan  is 
to  cut  through  such  a  cavern,  if  possible,  and  reach  the  solid  rock 
again.  If  this  cannot  be  accomplished,  the  chisel  is  driven  down 
as  far  as  possible,  and  the  cavity  filled  by  cement,  which  is  close- 
ly rammed  in  by  a  plunger.  The  cement  for  this  purpose  is  mor- 
tar cement,  also  called  Roman  cement,  which  is  made  of  impure 
limestone,  such  as  is  found  in  the  coal  regions  and  marl  beds,  in  the 
form  of  lumps  imbedded  in  marl,  clay,  or  shale.  This  kind  of  lime- 
stone, when  burned,  does  not  slack;  it  must  be  groimd  fine,  and  is 
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thtti  mixed  with  water  to  aoitiff  mortar.  If  no  such  impure  lime- 
stone can  be  obtained,  common  lime  is  mixed  with  burnt  and  fine- 
ly-ground iron  ore,  burnt  marl,  or  burnt  ferruginous  shale,  pumice- 
stone,  or  any  kind  of  volcanic  porous  rock.  The  whole,  lime  and 
admixture,  of  which  latter  about  40  per  cent,  of  the  lime  is  used, 
is  groimd  together  and  mixed  with  water  so  as  to  form  a. stiff 
mortar.  Cement  mortar  will  harden  in  the  course  of  a  few  days 
under  water ;  but  it  is  advisable  to  make  a  trial  of  it  before  it  is 
put  down  into  the  welL  This  mortar  is  filled  in  canvas  or  mus- 
lin bags,  of  such  a  size  as  to  sink  gently  down  to  the  bottom  of 
the  welL  A  number  of  filled  bags  is  let  down,  and  then  the 
plimger, — which  may  be  the  spindle, — is  pressed  upon  them  to 
break  the  bags,  and  drive  the  mortar  into  the  cavity.  This  is 
gradually  filled  entirely  with  mortar,  and  then  left  at  rest  for 
some  days.  Part  of  the  mortar  is,  in  the  mean  time,  immersed 
in  water,  above  ground,  in  order  to  observe  its  progress  of  hard- 
ening. When  the  mortar  is  hardened  below,  it  is  penetrated  by 
the  bit,  and  a  round  hole  bored  through  it,  which  forms  now  a 
pipe  of  cement,  which  will  effectually  prevent  sand  or  gravel 
firom  running  down  and  cause  disturbances  in  the  operations.  The 
expenses  of  sinking  a  hole  of  3  inches,  range  from  $1  to  $5  per 
foot  deep,  according  to  the  rock  and  machinery. 

Saving  of  bare-meal — In  all  cases  of  sinking  a  well  or  a  bore- 
hole, the  progress  of  the  work  should  be  recorded  in  a  journal 
fix>m  day  to  day ;  and  each  day,  or  at  each  pumping,  a  part  of 
the  bore-meal,  or  the  coarsest  debris,  saved  for  future  examina- 
tion. The  latter  operation  is  simple  and  causes  no  loss  of  time. 
When  ^e  pump  is  raised,  the  contents  of  it  are  cast  into  a  fine 
wire  sieve,  or  into  a  bag  of  fine  wire  gauze,  which  is  made  to 
contain  all  the  contents  of  the  pump.  The  water  and  the  fine 
parts  of  rocky  matter  will  pass  through  the  meshes  of  the  sieve 
and  float  off)  while  the  coarser  parts  remain.  A  part  of  the  sedi- 
ment is  saved  in  a  paper,  or  in  a  small  box,  and  it  is  marked 
with  the  time  and  depth,  when  and  where  obtained,  for  future 
reference.  These  evidences,  when  put  together,  form  the  ele- 
ments of  a  section  of  the  rock  strata  penetrated  by  the  well,  in 
that  particular  spot,  and  are  suitable  objects  for  publication. 
Any  geologist  can  form,  by  these  means,  a  profile  of  the  rock, 
or  general  formation.  Many  hundreds  of  artesian  wells  are  now 
sunk,  imd  have  been  sunk  in  times  past  in  our  country ;  these 
would  furnish  means  for  obtaining  a  correct  insight  in  the 
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geology  of  tKoee  places  where  the  operatioiiB  are  perfisrmed. 
For  tfie  want  of  fluch  records,  the  information  arising  from  the 
labor  of  boring,  at  a  particular  spot,  ia  lost  to  the  commumtj  and 
the  Bdence  of  geology. 

Any  size  of  hole  will  answer  the  purpose  of  the  miner,  and 
if  2  inchea  in  diameter  could  be  sunk,  it  would  be  sufficiently 
wide ;  but  this  cannot  be  done ;  the  form  of  the  tools,  pump,  and 
rope  require  at  least  2'5  inches.  All  complicated  tools,  such  as 
cross-chiselB,  rasps  for  widening,  and  similar  instruments,  are  to 
be  avoided.  They  are  expensive,  both  in  first  cost,  repair,  and 
cause  loss  of  time.  The  simple  flat  chisel  will  form  a  perfectly 
round  hole ;  when  attended  to  in  turning  the  rope,  it  will  make 
the  hole  wide  enough  all  the  way  down ;  if  frequently  changed 
and  sharpened,  it  works  easy  and  fast.  A  chisel  and  a  good 
pump,  a  safe  rope,  and  good  tongs,  are  all  the  implements  requi- 
site for  sinking  a  hole  of  2,000  feet  deep. 


CHAPTER   III. 

Nature  of  a  vein. — By  means  of  exterior  examinations,  and  if 
necessary  by  the  assistance  of  boring,  we  may  thus  form  a  correct 
impression  of  the  form,  extent,  and  quality  of  the  mineral,  and 
by  that  means  we  obtain  the  elements' for  a  plan  of  extracting  it. 
We  may  to  some  extent  conclude  on  these  relations  by  general 
principles;  namely,  veins  running  parallel  with  the  rock-etrata 
must  be  continuous;  this,  however,  is  not  always  the  &ct,  for 
in  these  veins  there  may  be  extensive  &ults,  which  make  a  di^ 
ferent  plan  of  operation  necessary.     If  in  fig.  13,  where  a  hori* 


zontal  rein  is  represented,  the  fault  B  happens  to  be  within  the 
field  of  our  operation,  it  woidd  be  improper  to  drive  a  level  into 
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the  vein  at  A,  for  that  level  can  reach  but  the  one  part  of  the 
vein.  It  is  necessary  here  to  drive  under  A  and  reach  B,  so  as 
to  drain  and  work  it  by  the  same  level.  If  C  is  lower  than  A, 
it  is  required  to  drive  in  at  D,  in  order  to  drain  the  whole  of  the 
vein  firom  A  to  C.  These  cases  happen  in  coal  veins ;  and  if  our 
western  coal  field  is  not  much  disturbed  by  faults,  they  are 
there,  and  have  caused  expenses  and  delay  in  mining.  Geology 
ftimishes  general  principles  on  the  form  of  mineral  deposits,  such 
as,  veins  of  the  primitive  rocks  are  the  results  of  clefts  filled  by 
minerals.  This,  if  admitted  to  be  true,  excludes  not  the  exam- 
ination of  a  vein,  for  such  clefts  are  not  regular.  We  find  these 
veins  progressing  in  a  general  direction ;  but  they  are  frequently 
so  fer  disturbed  by  local  influences,  that  a  working  plan  based 
upon  the  general  direction  of  a  vein,  would  not  reach  the  local 
part  of  it.  Masses  and  lodes  are  still  more  uncertain  than  veins, 
and  for  these  reasons  require  a  more  thorough  examination  than 
veins.  Pockets  and  nests,  nodules  and  their  ramifications,  are 
frequently  very  irregularly  distributed ;  these  can  hardly  be  ex- 
amined by  either  boring  or  surface  exposure ;  we  must  investi- 
gate the  general  direction  of  such  deposits,  and  endeavor  to  reach 
them  by  the  best  means  and  least  expense.  All  the  veins  and 
masses  which  do  not  run  parallel  with  the  strata  of  rock  it  may 
be  assumed  are  filled  rents.  With  regard  to  the  manner  in  which 
the  rent  has  been  filled,  different  forces  have  been  acting,  and  the 
nature  of  the  deposit  assumes  accordingly  a  different  aspect. 
Lodes  which  are  wide  at  the  top,  with  smooth  walls  of  the  same 
material  on  both  sides,  we  are  justified  in  assuming  to  be  wedge- 
shaped,  thinning  gradually  in  the  convergence  of  their  walls. 
The  mineral  and  foreign  matter  having  been  introduced  from  the 
surface  of  the  ground,  have  been  carried  along  by  a  current  of  water. 
Are  the  walls  of  a  vein  rough,  and  do  they  show  signs  of  having 
been  under  the  influence  of  a  higher  heat  than  the  surrounding 
rock  generally,  we  are  warranted  to  conclude  that  the  rent  has 
been  caused  and  filled  by  an  expansive  force  from  below.  In 
the  latter  case  we  expect  an  increase  of  mineral  with  the  depth, 
and  in  the  first  a  decrease  of  it.  Since  the  bulk  of  mineral  veins 
is  composed  of  sulphurets,  and  these  are  volatile,  we  con- 
clude that  aH  small  fissures,  pockets  and  cavities,  which  are  filled 
by  sulphurets,  have  been  so  filled  by  the  vapors  of  these  metxils 
deposited  in  the  cavities.  The  lead  ores  of  Missouri  and  Arkan- 
sas owe  their  origin  to  this  cause,  also  the  gold  ores  of  the 
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southern  States,  and  in  fact  most  of  the  pyriteons  ores  of  the 
eastern  States.  These  are,  therefore,  valuable  deposits;  their 
quantitj  must  increase  with  the  depth,  and  we  can  safely  de- 
pend upon  success  in  our  operations,  if  we  follow  the  veins  to  the 
greatest  practicable  depth.  The  igneous  origin  of  a  vein  is  in  all 
cases  the  most  promising,  because  its  dimension  increases  with 
the  depth. 

When  we  thus  assert  that  certain  principles  have  been  active 
in  forming  mineral  veins,  it  must  follow  that  when  a  vein  is 
formed  under  a  certain  law  it  can  contain  only  certain  kinds  of 
minerals.  Gold,  particularly  sulphuret  of  gold,  is  volatile ;  the 
same  as  all  other  metals  and  sulphurets,  it  is  soluble  in  alkalies^ 
but  precipitated  in  the  presence  of  any  metallic  oxide,  or  an 
acid  like  silex,  or  by  heat  from  a  fluid  solution.  If  its  sulphuret  is 
soluble  in  a  sulphuret  of  lime  or  magnesia,  its  metal  cannot  be 
found  in  a  limestone  deposit,  because  water  has  removed  it 
thence  and  deposited  it  upon  some  silicious  rock.  Sulphuret  of 
lead  is  not  soluble  in  lime  or  any  alkali,  and  slightly  soluble 
in  acids,  it  is  therefore  precipitated  more  abundantly  in  lime  than 
in  silicious  rock.  Sulphuret  of  sUvcr,  and  the  sulphurets  of  the 
precious  metals  generally,  behave  similar  to  gold,  and  this  may 
be  the  reason  why  we  do  not  find  them  in  or  near  limestone 
rocks.  The  protoxides  of  iron  show  more  aflBnity  for  silicious 
matter  or  acids,  than  for  lime  or  alkalies,  and  this  may  be  the 
reason  why  we  do  not  find  them  in  limestone.  The  magnetic 
oxide  and  peroxide,  as  well  as  the  sulphurets,  have  as  little  af- 
finity for  lime  as  for  silex,  and  consequently  we  find  them 
universally  distributed.  These  chemical  principles  may  in  some 
measure  guide  our  conclusions  in  respect  to  localities  and  the 
minerals  therein.  These  affinities  are  evidently  active  in  the  dis- 
tribution of  minerals.  We  hardly  find  any  gold  but  in  the 
vicinity  of  quartz ;  and,  under  similar  circumstances,  the  largest 
quantity  of  it  near  the  largest  quantity  of  silex.  In  veins  of  ga- 
lena which  contain  silver,  we  find  always  most  of  the  silver  ex- 
terior to  the  vein,  near  its  walls,  and  particularly  in  the  fork  of 
a  vein  where  it  branches  out  into  smaller  veins ;  showing  evi- 
dently that  the  silver  has  more  affinity  for  the  rock  than  for  the 
lead.  The  same  principle  has  been  acting  in  the  distribution  of 
zinc,  antimony,  and  particularly  tin. 

Theory  of  the  formation  of  mineral  deposits, — ^The  sulphurets 
of  gold,  platina,  tin,  antimony  and  arsenic,  are  subject  to  the 
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game  laws  of  affinity,  that  is,  are  soluble  in  alkalies,  and  when 
exposed  to  a  certain  degree  of  heat  in  the  presence  of  an  acid, 
such  as  silex,  the  sulphur  is  dissipated,  and  gold  or  platina  are 
reduced  to  their  metallic  state,  and  disseminated  through  the 
rock.  Tin,  antimony  and  arsenic,  having  a  great  affinity  for  oxygen, 
become  oxidized,  and  the  first  concentrates,  in  virtue  of  its  great 
cohesion,  into  crystals  of  oxide  of  tin,  which  are  heavy  and  can- 
not be  carried  &r  jBrom  their  origin ;  antimony  and  arsenic  are 
more  soluble,  and  may  be  carried  to  a  certain  distance,  precipi- 
tating on  matter  to  which  they  have  most  affinity.  The  alkalies 
which  originally  held  these  sulphurets  in  solution  are  washed 
away,'  and  combine  with  acids,  being  deposited  still  further  off 
from  that  place  where  the  sulphur  was  dissipated  than  the  light- 
est of  the  oxides  of  the  heavy  metals.  On  this  theory  of  the 
formation  of  mineral  deposits,  which  supposes  all  the  heavy 
metals  to  have  been  originally  in  combination  with  sulphur,  we 
must  find  gold,  platinum,  and  the  platinum  metals,  near  the  old- 
est rocks,  and  rocks  of  igneous  origin,  in  a  metaUic  state ;  tin, 
antimony  and  arsenic,  near  these  sources  in  an  oxidized  state ; 
iron  everywhere,  because  in  the  presence  of  oxygen  or  water  its 
sulphur  was  driven  oS^  the  iron  being  oxidized  and  condensing 
near  its  source  into  solid  crystals,  or  amorphous  masses,  which 
latter  floated  of^  to  be  deposited  in  places  w^ere  affinity  held 
it  Lead,  having  the  greatest  affinity  for  sulphur,  would  dis- 
sipate with  it,  and  float  to  some  alkaline  deposit  where  it  is 
attracted.  Similar  results,  caused  by  the  same  force,  may  be 
traced  with  almost  all  mineral  matter.  If  we  suppose  that  in 
the  primitive  condition  of  the  earth,  less  oxygen  was  combined 
with  matter,  and  that  a  mixture  of  all  the  elements  existed, 
with  little  or  no  oxygen,  we  find  a  sure  guide  for  tracing  the 
origin  of  the  deposits.  This  theory  is  strongly  supported 
and  corroborated  by  the  successive  oxidation  of  the  rocks  gen* 
erally.  Volcanic  eruptions,  which  may  be  compared  to  the  first 
operations  on  the  thin  crust  of  the  earth,  emit  sulphurous  vapors, 
chlorides,  and  volatile  metals,  and  deposit  oxides.  The  silicates 
thrown  oflf  by  these  forces  are  in  a  low  degree  of  oxidation; 
this  is,  therefore,  an  evidence  of  a  want  of  oxygen  in  the  deep. 
Ghranite  is  in  a  state  of  higher  oxidation,  but  not  the  highest 
The  stratified  rocks  contain  more  and  higher  oxidized  matter  than 
granite ;  the  coal  formations  more  oxygen  than  transition  rocks, 
and  the  tertiary  rocks  more  than  either  of  the  foregoing,  hydrates 
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making  their  appearance  among  them,  which  is  a  certain  indica- 
cation  of  a  high  state  of  oxidation.  In  the  most  recent  deposits 
we  find  hardly  any  matter  which  is  not  oxidized  to  the  highest 
degree  of  its  natural  capacity  for  oxygen. 

As  a  theory,  accounting  for  the  distribution  of  minerals  over 
the  globe,  we  consider  the  foregoing  more  satisfactory  than  that 
based  upon  the  facts  eliminated  by  geology.  It  at  once  explains 
the  cause,  and  accounts  for  the  locality  of  a  deposit  We  find  by 
its  assistance,  why  gold,  tin,  antimony,  and  arsenic,  cannot  be  found 
far  off  from  granite,  and  must  be  in  or  near  silicious  rock,  no 
matter  what  its  age  and  history  may  be.  We  find  also,  that  more 
silver  must  be  in  the  galena  of  silicious  deposits,  than  in  the  ga- 
lena of  alkaline  rock.  It  accounts  for  those  deposits  which  are 
the  result  of  infiltration,  for  masses,  and  stratified  veins.  Injec- 
tions from  below,  lifted  by  heat  from  the  deep,  are  in  their  primi- 
tive condition  and  are  not  subject  to  the  above  rule ;  they  are  re- 
cent evaporizations  or  injections  in  mass,  condensed  by  the  cold 
strata,  or  massive  rock  which  they  penetrate. 

In  taking  all  these  elements  together,  we  obtain  the  means 
for  forming  the  plan  of  working  a  mine.  It  requires  different 
means  to  work  an  alluvial  mass  or  vein,  a  mass  in  secondary  rock, 
infiltrated  or  injected  veins.  The  object  is  in  all  cases  to  obtain 
the  minerals  at  the  least  expense.  If  we  commence  the  working 
of  a  vein  at  a  higher  elevation  than  its  lowest  point,  we  may  in- 
cur great  additional  expenses  in  driving  for  the  lower  parts  of  it 
by  subsequent  dead  work,  the  labor  spent  on  the  first  being  en- 
tirely lost.  If  we  attack  a  mass  at  its  top  instead  of  at  its  bottom, 
we  may  permanently  injure  the  mine.  Before  a  pick  is  used  in 
tlic  opening  of  the  mine,  all  advantages  and  disadvantages  must 
be  well  considered ;  the  nature  and  value  of  the  mineral  must  be 
known,  the  extent  and  thickness  must  have  been  investigated; 
its  lowest  and  its  highest  points  ascertained,  and  the  probability 
of  the  origin  of  the  deposit  must  form  an  item  in  determining  the 
working  plan.  When  all  these  facts  have  been  laid  down  in  a 
well  drawn  plan  on  paper,  the  disposition  of  shafts,  levels,  galler- 
ies, drainage,  ventilation,  and  hoisting  is  provided  for,  and  the 
manner  of  working  it  is  decided ;  the  expenses  of  the  erection 
of  machinery,  and  the  dead  work  are  calculated,  with  the  cost  of 
digging  the  on^  and  hoisting  it.  The  value  of  the  minerals,  and 
the  total  amount  which  probably  may  be  raised  in  the  course  of 
time,  furnish  the  credit  to  the  above  accoimt  of  expenses  and 
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shows  the  profit  or  loss  which  a  mine  may  make  in  a  certain 
time,  or  up  to  the  time  of  its  exhaustion. 


♦  •• 


CHAPTER  IV. 

Working  of  a  Mine, — ^We  shall  not  allude  to  the  tools  and  in- 
struments used  in  mining,  nor  can  we  extejid  our  remarks  to 
blasting ;  we  assume  that  these  subject^  are  generally  known. 
When  a  vein  is  so  near  the  surface  of  the  ground  as  not  to  have 
sufficient  cover  for  underground  work,  we  resort  to  open  work- 
ings. The  superincumbent  ground  is  stripped  off  and  removed, 
the  mineral  exposed  and  cleaned,  and  then  removed.  This  opera- 
tion is  very  generally  performed  with  iron-ore  deposits,  and  in 
some  instances  in  coal-beds ;  it  is  simple,  and  requires  no  particular 
knowledge  of  the  principles  involved  in  mining.  Any  sagacious 
laborer  may  be  a  good  miner  in  these  cases.  Open  workings  are, 
generally  speaking,  expensive,  because  they  require  a  great  body 
of  foreign  matter  to  be  moved  by  physical  labor,  the  application 
of  machinery  being  inexpedient.  If,  by  any  possible  means, 
such  open  work  can  be  avoided,  it  will  be  foimd  advantageous. 
It  is  cheaper  to  extract  the  same  mineral  by  an  underground  mine 
than  by  open  diggings.  The  latter  are,  besides  the  disadvantages 
mentioned  above,  exposed  to  all  the  changes  of  weather,  the  heat 
of  the  sun,  frost  and  rain ;  and  as  the  amount  of  work  done  con- 
stitutes the  price  of  labor,  the  operatives  in  a  mine  cannot 
suffer  by  these  changes ;  all  the  disadvantages  add  to  the  cost  of 
the  mineral,  and  cause  its  price  to  be  higher  than  it  probably 
would  be  if  extracted  by  means  of  underground  work.  In 
many  instances  such  work  cannot  be  avoided.  Where  the  ore  is 
covered  by  loose  ground,  it  would  be  unsafe  to  form  a  roof  of  it ; 
at  least,  it  would  cost  much  labor  and  timber  to  prepare  a  roof. 
Where  the  out-crop  of  a  vein  of  ore  is  only  used,  as  is  frequent- 
ly the  case  in  the  coal  regions,  in  which  the  decomposed  car- 
bonates form  the  objects  of  extraction,  and  where  the  argillaceous 
carbonates  of  the  interior  vein  are  neglected,  it  is  impracticable 
tc^orm  imderground  workings,  and  if  these  ores  do  not  pay  for 
stripping,  they  are  of  no  value.  For  particular  kinds  of  minerals 
open  workings  are  chiefly  resorted  to ;  we  shall  allude  to  these  in 
their  particular  places. 
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Subterranean  Worhings. — We  may  divide  these  into  two 
classes,  that  is,  into  vems  and  into  masses.  When  a  vein  is  hori- 
zontal, or  nearly  so,  a  level  drift  is  driven  through  it,  in'case  the 
vein  dips  towards  the  mouth  of  the  pit.  If  this  is  not  the  case, 
it  may  be  found  preferable  to  sink  a  shaft  at  the  lowest  accessible 
point  of  the  vein,  and  commence  here  the  driving  of  a  level  for 
drainage  and  carriage.  If  the  vein  is  so  located  that  neither  is  ex- 
pedient, we  conunence  by  driving  a  level  below  the  out-crop  of  the 
vein,  so  as  to  secure  the  drainage  from  the  lowest  point  accessi- 
ble, as  is  represented  in  fig.  13.  Considerations  of  economy  de- 
cide here  either  the  one  or  the  other  manner  of  working.  Is  a 
level  expensive,  and  the  amount  of  mineral  drained  by  it  com- 
paratively small,  it  may  be  found  cheaper  to  drain  by  means  of  a 
steam  engine,  and  go  to  a  greater  depth  with  the  shaft  than  a 
level  could  reach.  Still,  if  a  vein  is  so  far  elevated  above  the 
water-level  of  the  country,  a  water-drain,  which  receives  the 
waters  from  above  it,  is  a  powerftd  auxiliary  to  the  steam  engine, 
it  takes  away  much  work  from  the  latter.  Expediency  and  the 
expense,  however,  decide  the  question  in  these  cases.  K  a  coal- 
vein  of  a  few  acres  in  extent  requires  a  long  level  to  reach  its 
lowest  point,  and  if  that  can  be  done  by  means  of  a  shallow 
shaft,  it  will  be  found  cheaper  to  work  the  mine  by  a  shaft.  If 
the  vein  extends  below  the  water-courses,  and  fuel  is  cheap,  and 
it  is  the  object  to  take  out  the  whole  of  the  vein,  it  may  be  found 
the  more  profitable  plan  to  work  the  mine  entirely  by  means  of  a 
shaft.  Where  the  amount  of  water  received  by  infiltration  or 
otherwise,  is  great  in  a  mine,  it  is  in  all  cases,  if  practicable,  ad- 
visable to  excavate  a  drift  for  drainage.  •  The  considerations  are 
here,  the  cost  of  the  steam  engine,  cost  of  pumps,  repair  and  at- 
tendance ;  if  these  expenses  are  calculated  on  one  ton  of  ore,  ob- 
tained from  that  part  of  the  vein  which  is  drained  by  the  engine, 
compared  to  the  cost  of  one  ton  above  the  draining  level,  so  far 
as  it  lays  the  part  of  the  vein  above  it  dry,  we  thus  obtain  a  com- 
parison of  both  systems  of  mining.  Are  the  first  expenses  of 
driving  the  level,  and  the  interest  on  investment  for  the  time  it  is 
not  repaid  by  the  mineral,  when  divided  in  the  tons  of  ore 
taken  out  above  it,  greater  than  the  cost  of  the  steam-engine, 
shaft,  fuel,  repair,  engineer,  and  interest,  divided  into  the  wlMle 
amount  of  minerals  drained  by  it,  then  the  engine  is  preferable  to 
the  drift.  In  most  cases  where  the  ore  is  above  the  general 
water-level,  the  drainage  of  the  mine  is  found  to  be  cheaper  by 
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die  leyel  than  by  the  engine*  Is  the  deposit  below  the  level  of 
the  water-courses,  there  is  no  choice  but  to  drain  by  the  steam 
engine,  or  by  means  of  a  water-wheel. 

If  the  question  about  drift  or  shaft  is  decided,  then  either  the 
one  or  the  other  is  set  to  work  at.  In  most  cases,  the  drift  is 
made  to  serve  for  both  draining  and  hauling ;  it  is,  therefore, 
lowest  at  its  mouth  and  ascends  gradually.  One  foot  fall  in  100 
feet  length  is  generally  considered  sufl&cient  for  carrying  off  the 
waters  in  a  small  mine.  The  size  of  a  drain  depends  on  the 
quantity  of  the  water,  but  as  a  general  rule,  24  inches  wide  by  8 
inches  deep  forms  a  channel  for  a  large  quantity  of  water.  The 
size  of  the  drift,  thus  opened  in  the  side  of  a  mountain,  depends 
on  the  quantity  of  mineral  which  is  to  be  removed  from  the  mine. 
When  a  coal  or  ore  vein  is  to  furnish  a  certain  number  of  tons 
in  a  limited  time,  the  drift  must  have  a  size  sufficient  to  admit  of 
the  carrying  off  the  mineral  When  an  accumulation  of  pockets, 
or  small  irregular  veins,  are  the  objects  of  mining,  it  is  hardly  ad- 
visable to  spend  much  in  opening  drifts,  imless  it  be  that  a 
large  field  of  such  small  veins  is  to  be  penetrated  which  affords 
minerds  for  many  years  to  come,  and  finally  pays  the  expenses 
of  making  a  large  drift.  In  all  cases  where  minerals  are  extract- 
ed which  are  not  worth  much  expense,  and  are  abundantly  pre- 
sent, such  as  coal,  alum-stone,  iron-ore,  and  others,  it  is  necessary 
to  open  drifts  sufficiently  wide  and  high  to  admit  a  horse  and 
railroad  track:  7  or  8  feet  high  by  5  feet  wide  in  the 
bottom,  is  sufficient  for  such  purposes.  When  the  minerals  are 
in  limited  quantity,  it  is  imprudent  to  spend  much  in  dead  work. 
In  such  cases  the  ore  is  hauled  in  wheelbarrows  or  hand-carts, 
and  the  drifts  are  not  frequently  more  than  5  feet  high  by  7  feet 
wide.  Is  the  drift  cut  into  the  mineral  itself,  it  must  be  made  so 
long  as  to  afford  ample  roomtfor  extracting  a  certain  quantity  of 
minerals  in  a  certain  time.  Is  the  drift  in  the  dead  rock,  it  is  al- 
ways driven  directly  to  the  mineral  vein,  and  fix)m  that  point 
galleries  are  cut  through  the  vein  itself 

Oalleries  are  level  drifts  in  the  mineral  vein  itself;  they  are 
pierced  in  the  mineral  on  the  same  principle  as  a  drift  for  hauling 
and  draining,  but  not  so  much  attention  is  paid  to  the  form  of 
the  vault.  Is  the  mineral  vein  sufficiently  strong,  not  more  than 
the  mineral  is  taken  out ;  in  all  cases,  however,  it  must  be  wide 
enough  to  afford  room  for  a  workman,  which  requires,  in  most 
instances,  at  least  2  feet  wide.    Is  the  vein  not  as  thick  as  that, 
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some  of  the  dead  rock  on  either  side,  or  on  one  side,  of  the  vein 
is  removed.  Galleries  are,  therefore,  counted  dead  work,  be- 
cause in  very  few  instances  the  ore  extracted  pays  for  the  work 
performed.  In  cases  even  where  the  ore  vein  is  thick,  and  gal- 
leries may  be  driven  in  the  vein  without  removing  any  of  the 
dead  rock,  the  work  is  never  done  so  cheaply  as  when  the  mine 
is  sufficiently  extended.  Water,  bad  air,  want  of  room,  and  want 
of  undermining,  are  causes  which  retard  the  progress  of  the  work 
and  increase  the  cost  of  the  minerals.  Galleries  are  driven  so  far 
as  to  afford  ample  room  for  a  number  of  miners  to  work  to  ad- 
vantage ;  and  as  one  miner  can  dig  but  a  certain  amount  of  ore 
in  a  certain  time,  it  follows  that,  according  to  the  quantity  of 
mineral  which  is  to  be  extracted,  the  galleries  must  be  extended. 
In  most  cases,  the  extent  of  the  galleries  is  determined  by  the  lo- 
cation of  the  air-shaft,  for  these  galleries  are  the  channels  for  con- 
ducting bad  air  to  the  air-shaft,  and  admit  fresh  air  from  the 
mouth  of  the  drift.  In  all  instances,  these  excavations  form  the 
connection  between  the  entrance  of  the  fresh  air  and  the  exit  of 
the  foul  air.  A  mine  cannot  be  worked  to  advantage  until  all 
the  dead  work  is  performed,  that  is,  until  drift,  galleries  and  air- 
shaft  are  in  good  order.  The  price  of  the  mineral  cannot  be  at 
the  lowest  mark  until  all  the  preparatory  work  is  done.  The 
quantity  of  the  mineral  extracted  depends  on  the  extent  of  the 
mine,  and  cannot  be  large  so  long  as  ample  room  is  not  obtained 
for  a  sufficient  number  of  workmen. 

Shajh. — Is  a  stratum  of  minerals  so  located  as  to  make  its 
extraction  by  a  drift  impracticable,  we  are  under  the  necessity 
of  reaching  it  by  shafts.  This  is  always  the  case  when  the 
mineral  is  below  the  water-level  of  the  country,  or  when  locali- 
ties  do  not  admit  of  levels.  In  these  instances,  we  commence 
two  shafts  at  once,  either  at  the  extremities  of  the  deposit,  the 
extremities  of  the  ground  at  our  disposal,  or  at  such  a  distance 
as  will  secure  a  sufficient  circulation  of  fresh  air  throughout  the 
mine.  In  most  cases,  however,one  shaft) — that  for  extraction  and 
drainage — is  lociited  at  the  lowest  point  of  the  mineral,  and,  if  pos- 
sible, in  the  lowest  part  of  the  surface  above  ground ;  the  other, 
or  air-shaft,  is  then  at  the  highest  part  of  the  vein  and  the  high- 
est parts  of  the  ground.  If  the  latter  cannot  be  accomplished, 
the  first  is  put  in  the  most  advantageous  place,  and  the  air-shaft 
located  where  it  will  do  the  most  benefit  below  ground  ;  the  cir- 
culation or  motion  of  air  is  then  accomplished  by  artificial  means. 
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In  all  cases  the  pit  for  hoisting  and  drainage  must  be  sunk  to  the 
lowest  part  of  the  mineral  vein,  and  if  that  cannot  be  reached  by  a 
vertical  shaft,  it  is  done  by  an  incUned  shaft,  or  a  descending  drift. 
The  air-shaft  must  be  in  all  cases  vertical,  so  far  as  it  is  above  the 
mineral.  Inclined  shafts  afford  no  advantages  in  the  abstract, 
but  localities  may  favor  their  construction ;  they  always  cause  a 
longer  line,  and  consequently  the  removal  of  more  dead  matter 
than  a  perpendicular  shaft ;  the  pipes  to  the  pumps  are  longer  in 
the  first  than  in  the  latter,  and  the  support  of  the  pimip-rods  is  a 
serious  objection  to  the  inclined  shaft.  However,  locahties  al- 
ways decide  this  question ;  the  presence  of  a  motive-power  in  a 
certain  spot,  and  improvements  above  ground,  over  the  mineral 
below,  may  cause  reflections  which  terminate  in  the  preference  of 
the  inclined  shaft.  In  all  instances,  we  should  avoid  cutting 
shafts  or  drifts  of  a  permanent  nature  into  the  mineral,  for  such 
may  cause  danger  to  the  mine  and  the  workmen:  the  latter 
cannot  work  near  such  excavations,  because  a  certain  amount  ot 
mineral  must  be  around  a  shaft  or  a  drift  in  order  to  secure  their 
permanency.  The  size  of  shafts  depends,  as  well  as  that  of  the 
drifts,  on  the  quantity  of  the  mineral  to  be  removed  in  a  certain 
time ;  but  as  these  excavations  serve  in  the  mean  time  for  haul- 
ing, draining,  and  ventilation,  the  latter  must  be  considered  in 
determining  the  size  of  shafts,  as  well  as  drifts. 

Timbering. — ^Preparatory  works  are  always  intended  to  be 
permanent,  at  least  to  last  as  long  as  the  mineral  in  the  mine ; 
they  therefore  must  be  durable,  safe,  and  convenient.  In  most 
cases,  all  these  requisites  are  suppUed  by  timber,  which  increases 
the  strength  of  the  structures  by  supporting  the  loose  and  brittle 
rocks.  In  many  instances,  solid  masonry  is  erected  to  secure  the 
safety  of  a  mine.  Wood  for  timber  must  be  of  the  most  durable 
kind — locust,  white-oak,  red-pine — in  fact,  such  wood  as  en- 
dures below  the  soil  will  be  found  durable  in  a  mine.  Localities 
determine  what  kind  of  wood  is  most  durable.  In  fig.  14  is 
represented  the  manner  in  which  a  drift  is  commonly  timbered, 
in  case  the  floor  is  hard  rock,  and  the  lower  extremities  of  the 
uprights  cannot  sink  into  it.  The  drain  in  the  middle  of  the  floor 
is  laid  low  enough,  so  that  the  water  which  comes  down  between 
the  timbers  and  planking  finds  easy  access  to  it,  and  keeps  the 
pavement  of  the  drift  perfectly  dry.  If  the  rock  is  soft;,  such  as 
shale,  slate  or  clay,  a  frame  is  constructed,  as  represented  in 
fig.  15,  the  sLU  of  which  rests  upon  the  floor,  and  the  drain  is  cut 
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below  the  rail  so  as  not  to  obetnict  the  dischai^  of  the  waters. 
On  these  Bills  the  railfi  for  a  tram-road  are  laid  upon  which  the 


cars,  loaded  with  minerals,  are  moved.  Is  the  ground  very  soft, 
such  as  the  entrance  to  a  mine  through  soft  soil  or  gravel,  a  layer 
of  strong  planks  is  laid,  and  forms  the  basis  for  the  timbers. 
Facing-boards  or  planks  are  frequently  omitted,  where  they  an 
expensive,  and  timber  is  abundant  The  &ames  are  then  pot 
close  together,  so  as  to  support  all  the  loose  rocks  which  may 
happen  to  threaten  falling  down.  The  latter  plan  may  be  ap- 
plicable and  advantageous  in  more  cases  than  it  is  apphed  to  at 
present  In  this  country  labor  is  high  and  material  abundant; 
and  if  we  consider  the  high  value  of  good  plank,  the  short  dm*- 
bility  of  slabe,  and  the  aohdity  of  frames,  the  advantages  ate 
decidedly  in  favor  of  frames.  Facing-boards  may  be  advan- 
tageously replaced  by  split-rails;  but  when  we  consider  tbe 
time  spent  in  making  the  rails,  the  greater  amount  of  digging  to 
be  done  in  order  to  make  room  for  them  or  planks,  and  also,  the 
great  facility  with  which  frames  may  be  put  in  their  places,  there 
is  little  doubt  but  that  a  succession  of  frames  is  the  cheapest,  cei^ 
tainly  it  is  the  most  durable  and  convenient  mode  of  timbering: 
In  some  instances,  particularly  where  timber  is  expensn-e,  or 
much  expo«d  to  de<«y,  as  is  the  case  at  the  mouth  of  a  drif^ 
stone-walls  are  erected  and  arched  over,  or  covered  by  timber. 
This  mode  of  securing  a  drifl  ought  to  be  resorted  to  in  all  cases 
where  a  great  deal  of  snr&ce  water  has  access  to  the  mine,  whidt 
is  experienced  when  the  mouth  of  the  drift  falls  into  a  ravine,  or 
a  wet  place  in  a  hill-side.  In  the  interior  of  the  mine,  in  tke 
solid  ro(^  not  modi  timber  is  generally  needed,  unless  it  be  that 
the  rock  is  shivered  or  friable.  Ore^deposits,  coal-veins,  and 
lintestone-rock  nevtt  form  a  safe  roof,  and  it  reqnire^s  mudt  tint 
ber  to  secure  excavations  in  such  material  so  as  to  protect  the 
miners  against  being  crushed.     It  is  for  these  reasons,  in  most 


ewee,  more  profitable  to  drive  the  preparatory  vork  in  dead 
rock,  which  is  mifficiently  strong  to  secore  the  entrance  to  the 
mine  at  all  times,  no  matter  what  may  happen  to  the  interior  of 
iL  If  a  shaft  or  a  drift  should  break  down,  the  Hves  of  the  persons 
inside  are  eodangered,  and  the  mine  itaelf  may  suffer  serious 
damages. 

When  the  rock  is  not  uniformly  brittle,  and  only  some  places 
in  a  mine  ore  exposed  to  injury  by  dropping  rocks,  these  are 
either  aecored  hj  single  props  cut  into  the  sid^-walls,  or  a  prop 
and  a  cap  to  it,  which  latter  is  sunk  at  one  end  into  the  rock. 
Is  the  rock  stratified,  and  nearly  horizontal,  as  is  the  case  in 
most  of  the  Western  bituminous  coal-mines —  ^^  ,^ 

and  are  the  walls  safe,  but  the  roof  shivered 
or  slaty — holes  are  cut  on  each  side  on  the  I 
top  of  the  aide-walls  close  to  the  roof,   and  ' 
timbers  inserted,  which  are  driven  slanting  so  . 
as  to  force  them  in  tightly,  as  is  represented  [ 
is  fig.  16,  which  shows  this  arrangement  in  a  ^ ., 
horizontal  position.     By  these  means  an  ex-     **  '  ' 
tremely  strong  roof  may  be  formed,  when  the  walls  are  safe  so 
as  to  carry  the  roo£ 

When  veins  are  vertical,  or  considerably  sleep,  so  that  drift 
and  gallery  are  the  same,  the  timbering  is  performed  on  difTerent 
principles  than  in  the  above  cases.  In  all  instances,  however, 
the  entrance  to  the  mine  must  be  carried  out  so  &r  to  the  exte- 
rior of  the  hill  that  snow  storms,  or  slips  of  rock  or  ground  cannot 
cover  the  mouth  of  the  pit  The  entrance  is  lined  with  timber, 
ui  the  usual  mauner,  or  walled  by  means  of  stones.  Is  the  vein 
nearly  vertical,  the  excavation  forming  the  drift  is  cut  out  higher 
than  a  common  drift ;  if  only  8  feet  high  is  required,  the  mate- 
rial is  taken  out  to  the  height  of  at  least  12  feet,  or  higher.  The 
timber  is  then  put  in  as  represented  in  fig.  17.  At  the  lower  end 
it  rests  in  a  continuous  channel  cut  in  the  rock.  The  timber  is 
put  doeely  together  to  make  the  strength  of  the  roof  as  great  as 
possible.  Upon  these  timbeia  the  rubbish  of  the  vein  is  deposit- 
ed, which  holds  them  down  and  serves,  in  the  mean  time,  as  a 
floor  lor  future  operations.  The  same  mode  of  tunberiog  is  prao- 
tiaed  in  galleries,  and  in  foct  in  all  cases  where  the  nature  of  the 
excavations  admit  of  it,  because  it  is  cheap  and  safe.  These  tim- 
bers ought  to  be  as  nearly  horizontal  as  posable,  and  in  many 
instances  they  are  laid  quite  horizontal,  as  is  represented  in  fig. 
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18 ;  or  they  are  laid  upon  a  coutmuoua  channel  cut  in  the  rock 
at  both  Bides.    Neither  one  nor  the  other  of  these  methods  is  as  safe 
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as  that  represented  in  %.  17,  for  in  all  cases  the  rock  maj  giro 
way.  In  Buch  an  occurrence,  the  first  method  affords  more 
safety  than  the  latter. 

The  timbering  of  shafts  varies  in  form,  from  that  of  level  or 
inclined  drifts  and  that  of  galleries,  but  not  in  principle.  In  all 
cases  the  timber  is  calculated  to  resist  the  pressure  of  loose  ground 
and  loose  stones;  where  the  rock  is  solid  no  timber  ia  needed. 
Shafts  supported  with  timber  are  usually  square  or  rectangular, 
and  but  seldom  round  or  polygons.  The  spars  or  frames  are,  in 
this  case  as  well  as  in  drifts,  otten  laid  at  distances  one  above  the 
other,  and  the  spaces  covered  on  the  exterior  of  the  frames  with 
planks,  slabs,  or  split-rails,  as  facings,  "We  find  also  as  frequently 
that  the  frames  arc  put  close  together  so  as  to  form  a  contiguous 
strong  bracing  of  timber.  Which  mode  of  timbering  is  preferable 
depends  much  on  the  locality,  but  wc  should  suppose  that  in  most 
instances  the  close  frames  are  the  cheapest,  and  in  all  cases  the 
strongest.  When  the  frames  are  provided  with  face-boards,  they 
are,  generally,  simply  square  or  oblong  frames  fastened  by  wedges 
and  iron  spikes  or  wooden  pins  to  the  planks,  as  is  represented 
in  £g.  Id.  Is  the  shaft  designed  for  hoisting  only  a  small  quan- 
ti^  of  minerals,  it  is  made  square,  and  one  platform  is  in  such 
p„  ig^  cases  sufficient.    When  the  amount 

of  minerals  to  be  hoisted  is  large, 
a  double  shaft,  such  as  represent- 
ed, is  necessary  to  afford  the  means 
of  hoisting.  When  the  mine  is 
extensive  and  requires  strong 
pumps,  a  third  apartment  is  pro- 
Tided  for  them  to  work  in.  This  division  may  be  either  in  the 
middle  between  the  two  hoisting  shafts,  or  at  one  end  of  the  ob- 
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long  section.  In  fig,  20,  we  have  represented  it  as  being  in  the  mid- 
dle. This  arrangement  afforda  more  safety  to  the  frame,  and 
causes  the  whole  of  the  timbering  to  be  more  Bubataotial,  The 
pump-shait  Berres  in  the  mean  time  for  the  descent  and  ascent 
of  tbe  workmen.  Where  the  rock  is  solid  no  timber  is  used ;  that 
leqoired  for  &stening  the  pumps  and  ladders,  ia  oat  into  the  rock 


and  firmly  wedged.  In  all  instances,  however,  some  means 
should  be  provided  for  the  platforms  which  pass  up  and  down  to 
BKde  on ;  if  this  is  on  one  side  of  the  square  shaft  it  is  sufficient 
In  fig.  21  is  a  double  shaft  in  a  vertical  section,  represented  as  it 
descends  into  the  coal  strata  at  the  Ohio  river,  but  b  still  above 
the  water   mark  of  that  stream.  wiM.aL 

The  strata  are  neatly  horizontal 
and  belong  to  Muskingum  coun-     .--'  -^.^^ 
ty,  Ohio.     A  is  iron  ore,  hydrated  a  ^^^j ' 
oxide  of  iron  in  nodules  imbedded  „  ^ 
in  clay,  4  feet  thick ;  B  a  stratum  ° 
of  coarse  sandstone  10  feet  thick.  ■ 
0  limestone  4  feet ;  D  coal  1  foot ;     ^^^ 
E  shale  80  feet,  F  iron  ore  1  foot,  ;  ^fe    .. 
Q  coal  2'5  foot,  H  sandstone  40 
feet,  limestone  below  this ;  I  iron 
ore  2  feet,  K  sandstone  and  shale 
SO  feet,  L  iron  ore  15  foot,  and  ' 
from  there  to  the  river  sandstone,  l 
This  section,  which  is  taken  at  the 
Lickiug  river,  furnishes  a  good  pic- 
ture of  the  lower  strata  of  the  coal 
series  in  the  Western  States. 

When  shafts  are  sunk  through  very  loose  and  brittle  rock, 
and  the  amount  of  water  discharged  ftvm  the  strata  is  consider- 
able, the  supporting  of  a  shaft  by  timber  is  expensive,  and  not 
durable.    In  such  cases  it  requires  uncommonly  strong  timber, 
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partdculiirlj  when  the  ehafl  is  wide,  asd  th£  strata  uusUoiiig 
or  nearly  perpendicular.     In  the  latter  case  recourae  is  often 
had  to  close  timbers — these  are  held  by  Btrong  uprights  anr^ 
ng_  2L  braced.     In   fig.  22  Uiis  mode   of  timbering 

is  represented.  It  serves  a  good  purpose  in 
I  a  shaft  where  two  sides  are  perfectly  safe. 
'  For  inclined  shafts  in  slaty  rock,  or  in  coal 
I  veins,  it  forms  a  strong  and  durable  timber- 
[.  Where  timber  cannot  be  applied,  which 
I  is  the  case  in  loose  gravel  or  sand,  or  clay, 
we  are  compelled  to  wall  the  shaft  either 
;  by  means  of  good  hard  stones,  or  hard  burnt 
■  bricks.  The  latter  are  in  many  cases  pre- 
;  ferahle  to  the  former,  because  in  laying  them 
\  with  good  cement,  a  waterproof  wall  may 
erected  which  is  in  many  instances  of 
eat  service.  When  but  short  distances  of 
I  loose  gravel  or  loose  rock  are  met  with  in  the 
sinking  of  a  shaft,  and  wood  is  not  sufSciently 
I  secure,  it  is  the  better  plan  to  line  such  places  by 
means  of  cast-iron  plates.  The  latter  is  a  partic- 
ularly good  mode  of  securing  the  walls,  where 
much  water  rushes  from  a  cavity  or  springs, 
which  woiild  soon  cause  the  decay  of  timber. 
Cast-iron  plates  firmly  screwed  together,  and 
cemented,  may  be  made  to  prevent  the  entrance 
of  the  wat«r,  or  at  least  prevent  its  cutting  the 
Tock  by  being  gathered  into  a  certain  part  of 
the  cast-iron  lining,  and  from  thence  conducted 
in  pipes  to  the  place  of  discharge.  Where 
water  is  in  so  great  abundance  as  to  injure 
'  the  timber,  and  endanger  the  safety  of  the 
tM  mine,  it  is  advisable  to  wall  the  shafts,  partdc- 
JF>:^  ularlyin  those  places  where  the  water  abounds. 
'  In  this  instance  a  strip  of  sheet  lead  is  inserted 
in  the  wall,  which  forms  a  channel  for  the 
water  and  conducts  it  to  a  reservoir  or  the 
pumps.  Fig,  23  represents  the  manner  in  which  such  strips  for 
forming  gutters  are  applied.  It  forms  a  screw  line,  and  conducts 
the  water  to  a  place  where  it  cannot  do  any  fiirther  injury. 
Shafts  lined  with  stones,  bricks,  or  cast-iron,  are  in  all  cases 
round,  and  the  distribution  of  the  various  compartments  for 


hoistmg  and  pumps,  is  made  according  to  the  size  of  the  shafts 
and  that  of  the  pumps.  In  most  cases,  a  chord  is  drawn  in  the 
circle,  and  the  space  between  it  and  its  arc  is  used  for  the  pumps 
and  the  descent  of  the  workmen.  The  other  larger  space  is  divided 
into  two  halves  for  hoisting-shafts.  When  a  shaft  traverses 
various  strata  of  mineral  in  its  descent,  at  each  stratum  a  chamber 
is  excavated  for  the  reception  of  wagons  or  cars,  in  case  these 
veins  are  worked. 

Framing  of  Timber. — The  timber  is  not  ofl«n  employed  in  its 
round  form ;  in  such  case  it  is  necessary  to  remove  at  least  all  the 
rotten  parts  of  the  wood,  and  also  the  sap,  for  both  increase  its 
tendency  to  destruction.  Young  wood,  such  as  saplings,  should 
be  rejected  by  all  means  from  the  interior  of  a  mine — ^it  is  of  short 
durability.  Old  wood,  about  to  decay,  is  as  bad  as  too  young 
wood.  Timber  for  a  mine  must  be  taken  from  the  most 
healthy,  ftdl  grown  trees,  and  if  possible,  it  should  be  obtained 
from  luxurious  bottom  lands.  Up-land  timber  is  never  so 
durable  in  mines  as  that  from  places  along  river  banks  and 
low  lands.  It  is  of  little  advantage  to  use  the  timber  in  its  round 
form ;  it  occupies  more  room  than  hewn  timber,  and  never  makes 
80  good  and  durable  work  as  the  latter.  It  is  not  necessary  to 
hew  four  sides  and  square  the  sticks.  K  two  opposite  sides  are 
hewn,  and  the  other  parts  freed  from  bark,  and  knots,  it  is 
aU  sufficient  There  is  no  need  of  using  the  broad-axe  in  this 
operation;  for  a  good  workman  can  straighten  timber  by 
the  use  of  a  common  axe  sufficiently  well.  AU  the  wood- 
work consists  of  rectangular  frames,  oft;en  square,  as  in 
simple  shafts,  or  forming  a  tapered  rectangle,  as  in  drifts. 
The  size  of  the  wood  is  not  oft;en  more  than  8  inches  for  the 
heaviest  kind  of  timbering ;  in  most  instances  it  is  6  inches,  and 
very  seldom  but  6  inches.  When  timber  is  heavy,  it  causes 
much  work  to  bring  it  into  its  place ;  and  as  machinery,  such  as 
pulleys  or  windlasses,  cannot  be  used  in  most  cases ;  and  as  all  the 
work  must  be  done  by  men ;  and  further,  as  a  large  number  of 
hands  cannot  be  concentrated  for  want  of  room,  it  is  inexpedient 
to  use  heavy  timber.  It  is  more  profitable  to  multiply  the  num- 
ber of  frames  or  props,  than  to  make  timber  so  heavy  that  more 
than  two  men  are  required  to  put  it  in  its  place.  The  distance  at 
which  timbers  or  frames  are  put  apart,  depends  on  the  quality 
of  the  timber,  the  nature  of  the  rock,  and  the  kind  of  planks 
which  are  used  for  facing-boards.  In  most  cases,  it  may  be  found 
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equally  as  profitable  to  place  the  timbers  close  together  as  to  set 
them  at  intervals,  and  protect  the  spaces  between  them  by  plonks 
or  other  material.  In  the  latter  cose,  the  frames  are  never  set 
farther  than  8  feet  apart,  and  if  the  facing  boards  are  not  very 
strong,  say  2  or  3  inch  planks,  the  distance  is  2  feet  and  Icbs.  Li 
all  cases  the  frames  must  be  placed  at  right  angles  with  the  sides, 
or  the  axis  of  the  shaft  or  the  drift.  The  spars,  or  parts,  com* 
posing  the  &ames,  are  commonly  united  at  their  extremities  by  a 
half  check,  as  shown  in  figs.  24,  25,  and  26.     When  round  tim- 


ber is  used,  which  may  be  profitable  where  pine  wood  is  the 
material,  the  joint  is  made  to  fit  the  round  timber,  as  shown  in 
fig.  27.  In  this  case,  long  smooth  timbers  are  posted  in  the  four 
comers,  and  the  traveraes  or  props  are  braced  firmly,  having  at 


their  ends  circular  concavities  which  fit  to  the  round  comer  pieces. 
Such  timbering  may  be  made  very  strong,  but  if  one  of  the  comers 
breaks  all  the  others  will  fail ;  it  is  therefore  necessary  to  select 
the  most  durable  wood  for  the  comers.  In  all  cases  it  is  desira- 
ble that  the  wood  should  retain  its  whole  force,  and  therefore  aa 
few  checks  are  made  aa  possible. 

Exlractioii  of  Ore. — The  veins  thus  explored  by  preparatory 
work,  are  deprived  of  their  mineral  in  various  ways;  these 
are  mostly  similar  in  principle,  but  differ  in  the  modes  of  extrac- 


tifya.  If  a  vein  is  horizontal,  or  nearly  so,  which  is  the  case  with 
most  of  the  bituminoua  coal-veins  and  the  other  minerals  which 
belong  to  that  formation,  the  whole  of  the  coal-field,  or  space  at 
our  disposal,  is  divided  into  rooms  and  pillars,  and  the  labor  is 
carried  on  in  such  a  manner  as  to  provide  a  circulation  of  iur  to 
every  stall  where  miners  are  at  work.  If  in  fig,  28,  the  extent  of 
a  mining  property  is  delineated,  and  at  A  is  the  lowest  point  of 
the  vein,  the  engine-shaft  is  to  be  in  that  point ;  and  if  a  drift 
can  be  started  from  any  other  point,  say  from  C,  we  endeavor 
to  reach  the  point  A  by  a  dead  level,  and  commence  the  work  of 
extraction  at  A.  The  air-shaft  must  be  at  the  highest  part 
of  the  vein,  and  if  that  ia  in  B,  the  level  in  the  v€in  from  A  to 
B  opens  the  oonmiunicatiou  between  both  and  secures  the  cir- 
culation of  the  air.  In  most  cases,  the  work  is  commenced 
at  the  dip  and  worked  to  the  out-crop ;  it  secures  the  drainage 
of  the  mine,  and  is  the  cheapest  and  most  secure  plan  of  opera- 
tion. The  rooms  are  opened  in  the  whole  length  of  the  dip- 
head  ;  but  if  this  be  too  long,  the  ^^  ^ 
work  may  be  so  arranged  that 
the  penetration  of  the  miners 
forms  a  triangle  towards  the  air- 
pit,  so  as  to  secure  a  sure  cir- 
culation of  air  to  all  the  work- 
rooms. The  pillars  which  are 
left  standmg,  form  about  one- 
third  of  the  whole  area,  if  the 
coal  ]s  Bohd,  such  as  the  Pitts 
burg  vein  When  the  coal  is 
hard,  one  quarter  of  the  area 
is  sufficient ,  but  when  the  coal 
is  soft,  the  pillars  form  one 
half  of  the  entire  mass  of  coal, 
or  other  minerals.  The  size 
of  the  pillars  is  not  only  de- 
termined by  the  firmness  of  the 
mineral,  but  also  by  the  pavement  and  roof.  Are  these  of  soft  ma- 
terial, or  slaty  and  brittle,  the  pillars  must  be  stronger  than  when 
the  floor  and  ceiling  are  strong.  The  size  of  the  stalls  depends 
also  on  the  solidity  of  the  mineral  as  well  as  on  the  walls  of  the 
vein,  but  more  on  the  latter  than  on  the  first  If  the  top  and  bot- 
tom of  the  vein  are  strong,  the  rooms  may  be  fiwm  ten  to  twenty 
yards  wide ;  but  if  these  are  soft  or  brittle,  the  size  of  the  rooms 
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is  contracted  to  as  many  feet  The  larger  Aese  rooms,  the  mora 
profitablj  the  work  of  extraction  may  be  done.  The  plan  laid 
down  here  answers  for  all  kinds  of  minerals,  but  is  particularly 
calculated  for  ooaL  When  the  vein  is  thinner  than  three  feet,  some 
of  the  dead  rock  mtut  be  taken  out  along  with  the  mineral  so  as 
to  afford  room  for  the  miner ;  in  these  instances  a  different  ]dan 
of  working  is  adopted,  which  is  cheaper  in  tbe  aggregate.  Thus 
the  level  from  A  to  B,  fig.  28,  ia  opened,  as  before;  but  the 
miners  commence  working  from  the  crop  to  the  dip,  inclining  the 
face  of  their  work  towards  the  main  drift  so  as  to  drain  the  water 
from  the  rooms.  The  work  is  now  conducted  on  the  whole 
width  of  the  vein  from  behind,  taking  out  all  tbe  minerals  at 
once,  and  building  up  the  rubbish  towards  the  main  drift  so  as 
to  have  it  always  open,  and  form  a  snre  retreat  in  caae  of  acci- 
dent. The  rubbish  is  piled  in  such  a  manner  as  to  form  aii^ 
channels  fitim  the  mouth  of  the  workings  to  the  air-jnt,  and  the 
whole  assumes  then  the  form  represented  in  the  plan  fig.  29.  If 
the  width  of  a  mining  property  is  too  extensive  to  be  ventilated  by 
one  driA  and  two  shaAs,  more 
B  drifts  are  excavated  and  conduct- 

ed to  the  common  air-shaft,  or  to 
other  air-shafts.  ^  this  cue  all 
the  mineral  is  taken  out  at  once; 
no  piUars  are  left  standing,  which 
finally  may  be 'lost  if  the  mineral 
is  soft,  or  the  pavement  forms 
creepers,  or  the  roof  sinks  in.  This 
plan  is,  therefore,  preferable  in  all 
instances  where  sufficient  rubbish 
is  made  to  sujiportthe  roof  in  case 
it  sinks  down.  In  many  cases 
miners  endeavor  to  support  the 
roof  by  wooden  props,  but  this  iB 
dangerous;  for  wood  will  bear  a 
burden  to  a  certain  degree  and 
tben  all  at  once  yield,  affording  tbe  roof  a  large  space  to  sink, 
which  generally  breaks  it  up  so  as  to  injure  the  mine  perma- 
nently, or  at  least  cause  the  loss  of  a  large  quantity  of  mineral, 
which  must  be  left  standing  in  order  to  separate  the  broken  roof 
from  the  new  work-rooms  which  may  be  opened.  If  such  aoci- 
denta  happen  the  air-shaft  is  generally  lost,  and  a  new  one  most 


be  sunk  before  tlie  work  can  progress  again.  In  our  countiy 
nunea  are  not  so  deep  as  to  make  Buch  particular  arrangements 
neceasary  as  are  required  to  ventiJate  deep  mines ;  and  some 
centuries  may  pass  before  our  descendants  eball  be  compelled  to 
dig  deep  for  minerals ;  there  is  such  an  amount  above  the  levels 
of  the  valleys,  that  no  extraordinary  means  are  required  for  ob- 
^  taining  what  we  want  We  abstain,  therefore,  from  describing 
the  particular  arrangements  required  to  work  a  deep  horizontal 
vein.  Where  pillars  are  standing  in  a  mine,  these  are  taken  out 
when  all  other  parts  have  been  removed,  and  the  miners  com- 
mence from  behind  and  work  towards  the  engine  pit,  taking  the 
pillars  down,  and  letting  the  roof  drop  as  they  retire,  as  represented 
in  fig.  80.  This  is  an  operation  which  requires  sagacious  and 
cautious  workmen  to  succeed  well,  or  much  of  the  mineral  in  the 
pillars  may  be  lost.  In  all  cases  it  is  of  vital  importance  to  the 
mine  and  the  success  of  the  work,  that  the  roads  and  the  air-pas- 
sages are  kept  open,  which  are  more  endangered  by  a  soft  pave- 
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ment  than  a  brittle  roof,  or  soft  minerals.  In.order  to  prevent 
those  accidents,  which  are  chiefly  caused  by  creepers,  or  elevations 
Tused  in  the  roads  by  the  pressure  of  the  piUais  on  the  soft  pave- 
ment, the  ground  is  always  taken  out  so  far  as  to  afford  a  har4 
■olid  floor,  which  may  not  give  way  under  the  superincumbent 
pressure.  It  is  more  safe  to  have  the  soft  stratum  in  the  pillars,  for 
Iwre  it  can  be  watched,  than  to  have  it  in  the  bottom  of  the  mine. 
If  the  position  of  a  vein  is  vertical,  the  working  of  it  is  compa- 
ratively  more  expensive,  because  of  the  extent  of  dead  work  which 
is  to  be  performed,  in  order  to  reach  the  deposit.  The  work  of 
extraction  is  generally  cheaper,  particularly  where  timber  is  not 
expensive.  When  a  pit  has  been  sunk  to  a  certain  depth,  which 
depends  on  the  quantity  of  ore  to  be  raised  in  a  specified  time, 
there  must  be  galleries  driven  for  ventilation ;  these  serve,  in  the 
mean  time,  as  starting-points  for  excavation.  The  work  in  vertical 
veins,  or  nearly  ao,  is  carried  on  in  two  different  ways:  the  one 
conmsts  in  attacking  the  mineral  from  above,  the  other  from  below ; 
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both  modes  have  their  advantages  and  diBadvantage&  In  either 
ease  the  work  is  carried  on  in  the  form  of  steps,  which  may 
be  direct  or  inverted.  The  mode  of  working  by  direct  steps 
is  represented  in  fig.  31,  There  the  engine  shaft  may  be  sunk  to 
a  moderate  depth,  so  as  to  secure  the  safety  of  the  roof  of  the 
Flo.  31  first  gallery ;  in  most  cases  from 

20  to  50  feet  depth  ia  sufficient 
Here  the  first  gallery,  towards 
the  air-pit,  is  driven,  so  as  to  se- 
cure the  drculation  of  air.  In 
sinking  the  shaft  20  feet  deeper, 
less  or  more,  according  to  the  ni^ 
ture  of  the  vein,  a  second  gal- 
lery is  commenced,  7  feet  high, 
and  as  wide  as  the  vein  or  wider, 
as  the  case  maybe;  this  leaves 
fix>m  the  first  gallery  a  solid  mass 
of  13  feet  high,  which  protects 
the  shaft.  In  driving  the  second 
gallery  for  20  or  more  feet,  the 
roof  is  in  the  mean  time  taken 
down,  but  so  as  to  leave  a  part 
of  the  vein  at  the  shafts  to  pre- 
vent its  being  crushed  by  the 
rock ;  for  which  purpose,  in  most 
cases,  from  10  to  20  feet  are  sufBcient.  The  mineral  between  the 
first  gallery  and  the  second  gallery  is  now  taken  out  altogether, 
and,  at  the  same  time,  slanting  timbers  are  inserted  above  the  se- 
cond gallery,  upon  which  the  rubbish  from  the  work-rooms  ia 
thrown.  The  position  of  the  timbers  ia  more  distinctly  shown 
in  fig.  33.  They  form  scaffolds,  and  if  the  amount  of  rubbish 
is  great,  they  must  be  strong,  or  their  number  must  be  in- 
creased. If  the  rubbish  is  heavy,  it  is  advisable  to  have  more  than 
one  row  of  timbers  for  each  gallery,  as  is  shown  in  the  lower 
part  of  the  engraving.  At  certain  distances  new  galleries  are 
t^ned,  and  the  height  between  two  of  these  is  divided  into  steps 
of  about  7  feet  each,  so  that  each  workman  may  reach  conve- 
niently to  the  whole  height  allotted  to  him.  All  the  rubbish  from 
the  work-rooms  which  belongs  to  one  gallery  is  piled  upon  those 
timbers  which  support  the  gallery.  The  rubbish  forms  thus  one 
gallery  for  each  commenced  in  the  solid  vein,  started  at  the  shaf^ 


and  it  eervaa,  in  the  mean  time,  for  carrying  the  or«  from  the 
vork-rooms  to  the  shaft,  and  for  conducting  firesh  air  from  the 
shaft  to  the  air-pit,  A  temporary  platform  for  a  wheelbarrow 
track,  or  for  a  hand-cart,  ia  laid  from  one  of  the  steps  to  connect 
with  the  surface  of  the  rubbiah,  for  one  tier.  The  work  may  be 
started  at  once  on  both  sides  of  the  shaft,  and  sufBcient  mineral 
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can  be  obtained  when  the  number  of  miners,  requisite  for  that 
amount,  find  room  to  work.  It  is  easy  to  perceive,  by  referring 
to  the  engraving,  fig.  82,  that  in  sinking  a  shaft  into  the  vein  itself 
nothing  is  gained.  It  causes,  also,  danger  to  the  workmen,  and 
may  injure  the  mine,  if  the  pillars  of  mineral  supporting  the 
shaft  are  crushed ;  besides,  a  part  of  the  mineral  is  always  lost 
in  sach  an  arrangement.  It  is  necessary  that  a  shaft  should  be 
always  in  the  hardest  and  most  solid  part  of  the  rock,  in  order 
to  secure  its  permanency,  and  afford  the  means  of  sinking  it 
continually  deeper.  The  arrangement  is  then  as  represented  in 
fig.  38.  From  the  shaft  galleries  are  driven  towards  the  vein,  and 
from  them  the  work  is  carried  on  as  described  before.  In  this  , 
manner,  a  solid  strong  wall  is  secured  to  the  shaft,  all  the  mineral 
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may  be  taken  out  at  once,  and,  whatever  may  happen  to  the 
mine,  the  shaft  is  always  safe  and  ready,  and  in  good  order  for 
work. 

This  mode  of  mining  by  direct  steps  has  its  disadvantages,  in 
consequence  of  which  the  work  goes  on  slowly  and  is  expensive ; 
the  water,  coming  down  the  steps,  is  generally  troublesome,  and 
in  the  progress  of  work  every  piece  of  mineral  must  be  picked 
by  hand.  In  hard  minerals  it  affords  advantages,  because  it  may 
be  blasted  to  better  advantage  in  this  form  than  in  inverted  steps. 
In  thin  veins  the  distance  fix)^  one  gallery  to  the  other  cannot 
be  so  great  as  in  thick  veins.  In  the  latter  case,  we  observe  a 
hundred  and  more  feet  depth  from  one  to  the  other  gallery.  The 
cross-timbers  which  sustain  the  rubbish  are  always  exposed  to 
early  destruction,  in  consequence  of  the  mass  of  water  which 
generally  comes  down  the  walls,  added  to  the  pressure  of  the 
rubbish  from  above ;  and  as  the  prospects  of  the  mine  depend 
upon  the  durability  of  these  timbers,  which  secure  the  passages 
in  the  mine,  it  is  imperatively  necessary  that  the  wood  for  these 
should  be  of  the  best  kind,  and  well  prepared.  It  is,  however, 
not  necessary  to  have  all  the  timbered  galleries  so  strong  as  to 
resist  crushing  or  decay.  Some  of  them  may  drop  without  harm 
to  the  mine,  but  galleries  leading  to  important  parts  of  the 
vein  should  be  durable,  and  the  best  timber  selected  for  these 
entrances.  Where  timber  is  scarce,  or  consists  of  pine  wood, 
which  is  not  durable,  it  is  advisable  to  form  the  roof  of  a 
gallery  of  part  of  the  vein,  that,  in  case  an  accident  should  hap- 
pen, there  still  may  be  a  basis  upon  which  a  gallery  can  be 
opened.  The  mineral  thus  remaining  may  be  taken  out  when 
that  gallery,  to  which  it  belongs,  is  to  be  abandoned. 

The  mode  of  working  by  inverted  steps,  or  stopes  as  they  are 
vulgarly  called,  is  represented  in  fig.  34.  The  pit  is  sunk  and 
the  work  is  carried  on  by  similar  means  as  described  before 
for  right  sloping  or  descending  steps.  Here  is,  however,  no 
gallery  leading  to  the  air-shaft,  and  if  the  hoisting,  draining, 
and  ventilation  is  done  by  one  shaft  only,  there  must  be  ar- 
rangements made  in  it  for  these  purposes.  The  fresh  air  is  in 
this  case  conducted  down  in  one  part  of  the  shaft,  and  the  im- 
pure air  extracted  from  the  mine  by  another  part  of  it.  The 
labor  of  extraction  is  here  more  simple  and  convenient,  as  in 
descending  work  there  is  no  necessity  of  driving  galleries  to 
the  air-pit     With  the  opening  of  a  gallery  the  work  of  extrae* 
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tion  IB  commenced,  and  may  be  continued  unmlemiptedlj  until 
the  whole  masa  of  ore  is  removed  which  exists  between  two 
galleries.  Thia,  however,  requires  very  strong  timbers,  or  stone 
arches,  in  order  to  prevent 
the  crushing  of  the  roo^  be- 
cause the  galleries  when  lost  in 
these  mines  can  hardly  be  re- 
covered. Strong  timber  is  the 
more  necessary,  because  all  the 
rubbish  made  in  these  rooms 
rests  upon  the  roof  of  the  gal- 
lery, and  will  soon  crush  it  if  not 
well  protected.  The  timbers,  if  I 
laid  close  together,  should  be 
covered  with  strong  planks  or 
good  split  nule,  bo  as  to  af- 
ford an  opportunity  of  chang- 
ing a  decayed  piece  in  case  any  _ 
is  destroyed.  This  mode  of  ^ 
working  has  one  serious  draw- 
back to  its  advantages;  mineral  and  rubbish  drop  together, 
and  the  latter  can  hardly  be  separated  from  the  first  in  the  dark 
of  the  mine;  and  as  the  surface  of  the  rubbish  on  which 
the  miner  stands  is  uneven  and  full  of  cavities  much  min- 
eral may  be  lost  in  it,  or  a  great  deal  of  rocky  matter  is 
hoisted  along  with  the  ore  to  the  surface ;  and  as  the  latter  is 
here  requisite  as  well  as  in  the  preceding  ease,  for  the  support 
of  the  walls  of  the  vein,  it  is  necessary  to  retain  as  much  of  it 
as  possible.  At  convenient  distances  small  openings  are  left  in 
the  roof  of  the  gallery  through  which  the  mineral  is  thrown 
down,  in  order  to  be  loaded  in  cars  and  transported  to  the  shaft. 
In  other  instances  the  roof  and  the  gallery  is  pushed  forward  as 
the  miners  advance,  and  the  minerals  thrown  down  at  the  far- 
thest end  of  it,  a.s  represcnteil.  This  latter  mode  of  working  by 
steps  is  suitable  for  coarse  and  jmrc  minerals,  such  as  coal  and 
iron  ore,  and  in  fact  any  mineral  which  is  compact  and  breaks 
in  lumps,  and  which  is  not  very  valuable.  But  valuable  mine- 
rals and  those  of  a  fragile  nature  should  be  worked  by  descend- 
ing steps,  in  order  to  secure  every  useful  part  of  it. 

-Instances  in  which  the  veins  are  of  such  a  nature  as  to  admit 
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of  eitiier  one  or  the  other  mode  of  vorking  at  the  same  tiiQe 
are  frequent ;  in  these  cases  a  eufficieut  Dumber  of  galleries  are 
opened  at  once,  and  the  work  carried  on  as  conveniently  as  the 
locality  wUl  admit.  Where  a  number  of  EhaAs  is  requisite  in 
order  to  hoist  and  ventilate,  a  number  of  independent  rooms 
may  be  opened  at  once,  and  a  large  quantity  of  mineral  ex- 
tracted in  a  short  time.  In  fig.  35  we  represent  a  profile  of  the 
Cliff  Mine,  at  Copper  Harbor,  I^e  Superior,  in  which  three 
shafts  and  a  level  serve  either  for  hoisting  or  ventilation,  or  for 
both  purposes.  So  many  entrances  to  a  mine  cause,  as  a  matter 
of  course,  heavy  expenses ;  but  it  may  be  found  necessary  where 
the  work  in  the  rooms  is  naturally  tedious,  which  is  the  case  in 
native  copper,  and  where  fire  is  applied  to  the  rock  to  make  it 
brittle  and  more  easy  to  work. 

All  these  methods  have  their  peculiar  advantages,  which  aie 
apparent  when  a  vein  is  fully  explored  and  its  character  tho- 
roughly known.  The  ascending  steps  cause  sometimes  hard  work 


to  the  miner,  because  he  is  to  use  the  tools  mostly  overhead,  or 
work  in  a  position  not  favorable  to  the  best  application  of 
his  power ;  there  is,  however,  this  advantage,  that  material  which 
is  once  loosened  detaches  itaelf  and  drops  by  ita  own  weight, 
thus  acting  with  the  efforts  of  the  miner.  In  this  instance 
less  timber  is  required  than  in  others,  which  not  only  saves  the 
labor  of  chopping,  hauling,  and  dressing  it,  but  saves  also  tlie 
labor  of  putting  it  in  the  mine.  On  the  whole,  we  may  conclude 
that  the  working  in  ascending  steps  is  more  suitable  to  produce 
cheap  minerals  than  the  descending  work,  and  it  may  be  the 
better  plan  of  operation  in  this  country. 
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Masses. — ^The  extraction  of  masses  of  mineral  from  the  inte- 
rior of  the  earth  is  often  connected  with  considerable  expense 
and  difficulty.  Experience  has  settled  this  question  so  far  as  to 
determine  that  the  extraction  of  a  mass  is  most  profitably  and 
safely  accomplished  by  taking  it  out  from  below,and  if  possible 
from  the  lowest  point,  at  the  dommencment.  Masses,  however,  are 
often  so  extensive,  that  to  reach  their  lowest  parts  is  beyond  the 
means  of  those  engaged  in  the  operation,  and  the  work  of  ex- 
traction is  generally  started  before  the  greatest  depth  is  arrived 
at.  In  all  instances  a  shaft  into  or  beside  the  mass,  or  a  level 
as  low  as  the  locality  will  admit,  is  a  condition  of  success.  The 
veins  of  silver  ore  in  the  Southern  States,  or  in  California,  and 
the  lead  ores  of  Missouri,  and  other  mineral  deposits,  may  extend 
so  deeply  that  centuries  are  required  for  their  full  exploration ; 
this,  however,  is  no  reason  why  correct  principles  of  mining 
should  not  be  applied.  Any  ore- vein,  and  a  mass  particularly, 
should  not  be  worked  from  above;  it  deprives  the  miner  of 
the  comforts  and  security  arising  from  a  good  roof.  When  the 
surface  of  the  ground  is  once  broken  by  digging  a  cavity  into  it, 
that  cavity  will  be  always  a  reservoir  for  the  surfiace  waters,  and 
as  these  are  the  most  destructive  to  timber,  annoy  the  workmen 
in  their  descent,  and  cause  bad  air,  their  access  to  the  interior  of 
a  mine  should  be  prevented  by  all  means.  A  mine  may  be  per- 
manently injured  by  destroying  that  covering  which  prevents 
the  water  from  entering  the  vein.  In  all  instances  the  work  in 
the  interior  is  more  expensive  when  exposed  to  the  influ- 
ence of  the  surface  waters.  K  this  is  so  serious  a  matter  to 
veins,  it  is  &r  more  so  to  masses,  because  in  the  first  case  we  may 
form  a  fresh  roof  by  going  deeper  and  lose  a  part  of  the  vein ; 
this  however  is  impracticable  in  a  mass,  or  if  attempted  the  losses 
are  severe ;  for  in  this  case  no  natural  or  artificial  roof  can  be 
formed  sufficiently  secure  to  admit  of  the  extraction  of  all  the 
minerals  contained  in  the  mass. 

When  a  mass  is  so  located  as  to  admit  of  a  shaft  or  drift  in 
the  surrounding  dead  rock,  that  is  adopted  in  order  to  pro- 
tect the  preparatcffy  works.  It  affords  safety  to  the  workmen, 
and  admits  of  the  extraction  of  all  the  minerals,  at  least  those 
which  are  above  the  drift  or  the  bottom  of  the  pit. 

In  fig.  36  we  have  represented  the  manner  in  which  masses 
may  be  most  profitably  extracted.  The  shaft  is  sunk  in  the  dead 
rock,  and  two  galleries  are  at  once  driven,  one  from  the  bottom 
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of  tbe  pit  to  the  low^  part  of  the  miDenil,  and  the  other  at  some 
distance  above  it,  which  latter  serves  for  the  extraction  of  foul 
air.  A  conunonicatioa  is  cut  through  the  mineral  mass  which 
connects  the  two  dii&s,  and  secures  ventilation.  The  whole  body 


of  ore  is  now  taken  out  at  once,  no  pillars  are  left  standing ;  the 
excavation  nearest  the  workmen  is  secured  by  wooden  props,  which 
are  moved  as  the  miners  gradually  progress.  In  order  to  secure 
the  safety  of  the  roof,  and  prevent  the  sinking  of  the  whole  mass, 
all  the  rubbish  which  is  made  in  the  mine  is  piled  behind  the 
miners,  and  firmly  wedged  in  between  the  floor  and  the  roof.  If 
BufEcient  dead  matter  is  not  furnished  by  the  mine,  hard  stones, 
gravel,  or  rock,  are  sent  down  from  the  surface,  and  carried  in  cars 
to  the  air-gallery,  and  unloaded  in  the  mine.  It  may  thus  hap- 
pen that,  if  not  much  rubbish  is  made  in  the  mine,  a  stone  quarry 
must  be  opened  at  the  top  of  the  pit  in  order  to  obtain  matter  for 
filling  up.  In  all  instances,  not  more  space  is  left  unoccupied  by 
filling  than  is  necessary  for  the  miners  to  work  in,  and  to  serve 
as  a  drift  for  the  transportation  of  the  minerals.  In  this  manner 
aU  that  mineral  between  the  two  drifts  is  removed,  and  the  height 
of  the  roof  of  the  mine  is  equal  to  the  height  of  the  roof  of  the 
second  drift  from  below.  When  all  the  mineral  is  removed,  the 
lower  level  is  filled  with  rubbish,  and  shut  for  ever.  Previous  to 
closing  the  lower  part  of  the  mine,  a  third  drift  is  started  from 
the  shafl^  into  the  mass,  and  set  in  connection  with  the  second 
drift,  BO  that  a  circulation  of  air  is  provided  for  before  the 
lowest  level  is  shut  altogether.  In  this  manner  the  work  is 
carried  on  successively  until  all  the  mineral  is  removed.  We 
cannot,  here,  work  in  different  heights  at  onee ;  all  the  forces 
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KTQ  concentrated  in  one  story,  or  space ;  and  if  we  are  compelled 
to  furnish  more  mineral  than  possibly  can  be  extracted  by  these 
means,  it  ia  necessary  to  work  on  a  different  plan,  which  is  neither 
so  convenient  nor  so  profitabLe  as  the  first.  In  this  instance  we 
conmience  the  worli  of  extraction  at  once,  in  different  levels,  and 
take  out  rooms  of  a  certain  size,  according  to  the  quality  of  the 
mineral ;  these  rooms  are  generally  provided  with  arched  roofe 
cut  into  the  mineral  mass.  Around  sueh  a  room  a  wall  is  left 
standing  in  order  to  sustain  the  roof,  and  the  pillars  thus  formed 
must  support  one  the  other  as  they  rise  upon  themselves.  In 
this  manner  about  one  half  of  the  mineral  may  be  taken  out  of 
the  whole  mass ;  and  if  the  mineral  ia  bard  and  strong,  it  may 
last  until  the  vein  is  exhausted,  after  which  the  miners  go  down 
into  the  lowest  part  again,  and  endeavor  to  remove  the  pillars ; 
provided  these  have  resisted  the  pressure  from  above  and  are  not 
crushed.  This  kind  of  work  is  expensive;  it  needs  do  timbers, 
but  the  digging  ia  hard,  because  the  miners  must  cut  most  of  their 
minerals  loose  at  two  sides,  while  on  the  former  plan  one  side 
only  is  to  be  loosened. 

Another  mode  of  working  a  mass,  which  is  more  profitable 
than  either  the  first  or'the  second,  is  represented  in  fig.  37.     The 


mass  is  penetrated  by  levels  from  a  hill-side,  if  accessible,  which 
are  driven  through  it,  or  by  shafts  in  the  dead  rock.  These 
levels  reach  as  far  as  convenient,  or  penetrate  through  the 
mass.  On  each  side,  at  the  farthest  end  of  the  drift,  rooms 
are  opened,  of  such  a  width  as  to  make  it  convenient  for  the 
workmen.  The  width  of  such  a  room  may  be  two  or  three 
hundred  feet,  according  to  circumstances,  having  the  drift 
for  the  dischai^e  of  the  ore  in  the  middle.  The  face  of  the 
workroom  slopes  gradually  towards  the  extreme  width,  in  a 
similar  manner  as  steps  in  a   vertical  vein,  with   this  differ- 
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ence,  that  the  steps  here  are  vertical,  and  in  the  rooms  horizon- 
tal. K  the  mass  is  heavy,  or  thick,  a  succession  of  levels  may  be 
driven  one  above  the  other,  or  parallel  galleries  made  in  the  same 
level.  These  rooms  are  sujficiently  high  to  aflford  space  for  two 
or  three  sets  of  hands  at  once,  the  one  working  above,  and  at  the 
same  time  behind  the  other,  as  shown  in  the  drawing.  This  kind 
of  work  may  be  done  cheaply,  after  the  dead  work  is  performed ; 
the  latter,  however,  is  generally  expensive — it  requires  no  timber, 
no  filling,  and  no  mineral  is  left  in  the.  mine.  It  is  the  most 
practical  form  in  which  extraction  can  be  accomplished,  but  de- 
mands dexterous  workmen  to  avoid  dangers,  or  at  least  to  escape 
before  those  accidents  happen,  which  are  necessarily  connected 
with  this  method.  We  think  it  the  most  suitable  form  of  work 
for  the  daring  American. 

Not  only  masses,  but  veins,  may  be  worked  by  these  means ; 
most  of  the  Western  iron-ore  veins,  in  the  coal  region,  are 
now  worked  on  this  principle.  The  miner  opens  a  drift  into  the 
out-crop  of  an  argillaceous  ore-vein,  and  continues  it  as  far  as 
the  ore  is  oxidized,  or  transformed  into  hydrates ;  here  he  stops, 
and  opens  on  each  side  of  the  drift  a  room  sufficiently  wide  to 
aflford  ^  certain  quantity  of  ore,  but  in  the  mean  time  he  secures 
a  safe  retreat  in  case  of  an  accident.  He  takes  out  of  these  rooms 
the  ore  as  fast  as  possible,  supports  the  roof  partly  by  props,  or 
if  he  has  sufficient  rubbish,  throws  it  behind  into  the  places  he 
leaves.  The  roof  may  now  come  down ;  but  it  will  rest  on  the  rub- 
bish. Where  the  latter  is  scarce,  great  caution  is  required  on  the 
part  of  the  miner  to  support  the  roof;  for  the  best  wooden  props 
are  often  crushed  at  once,  and  he  may  be  buried  without  a  pre- 
vious warning.  When  a  quantity  of  dead  matter  is  raised  up 
close  to  the  roof,  the  latter  cannot  sink  far ;  it  is  not  so  heavy  as 
to  crush  the  wood.  In  all  cases,  however,  it  requires  a  sharp 
ear  and  quick  eye  to  escape  the  falling  roof;  and  if  the  distance 
of  the  miner  from  the  drift  is  too  far,  or  the  passage  to  it  is  im- 
peded, the  most  attentive  workman  may  perish  in  the  attempt 
to  escape.  All  rocks  give  warning,  issue  a  certain  peculiar  sound, 
and  an  experienced  miner  knows  by  this  sound,  w^here,  and  how 
much  of  the  roof  is  coming  down.  It  is  therefore  essential  that 
all  noise  and  disturbance  of  the  workmen  should  be  avoided,  in 
order  not  to  draw  their  attention  from  these  objects. 

This  manner  of  working  masses  or  horizontal  veins,  is  appli- 
cable only  in  those  localities  where  little  or  no  fresh  air  is  needed. 
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A  drcnlating  motion  of  the  air  bj  means  of  connecting  channels  is 
not  possible  here,  and  the  supply  of  fresh  air  depends  entirely  on 
that  which  may  be  forced  into  the  mine,  by  means  of  the  engine. 
A  feint  circulation  is  produced  by  cutting  the  drift  considerably 
higher,  and  by  putting  up  a  broad  ceiling  or  double  roof,  and  form- 
ing a  channel  in  the  upper  part  for  the  extraction  of  foul  air. 
The  channel  may  be  connected  with  a  chimney,  or  an  extractr 
ing  engine.  This  requires  a  high  drift,  and,  in  case  the  mineral  is 
soft,  long  timbers;  and  as  the  power  applied  for  extracting  Ae 
air  is  also  expensive,  this  mode  of  mining  is  cheap  only  under 
peculiar  circumstances.  Mines  which  do  not  produce  bad  air  by 
themselves,  and  where  the  number  of  hands  employed  is  Umited 
to  two  or  four,  may  be  worked  to  great  advantage  by  these 
means.  Mines  which  produce  bad  ait,  and  where  the  number  of 
men  employed  is  considerable,  require  means  of  ventilation  to  be 
provided  in  some  manner.  Artificial  ventilation  may  be  used, 
but  it  is  always,  and  especially  in  this  case,  expensive.  It  is 
also  ineffectual,  if  not  properly  constructed. 

In  most  instances,  particularly  in  ore-mines,  sufficient  rubbish 
is  made  to  erect  some  walls,  and  fill  the  spaces  between  them. 
Where  less  rubbish  is  produced,  as  in  coal  mines,  there  is  not 
sufficient  to  form  walls,  and  in  order  to  fill  a  large  part  of  the 
area  of  the  mine,  stones  must  be 
quarried  outside.     These  are  car-  „ 

ried  by  the  returning  cars  to  the 
work-rooms,  where  they  are  placed 
in  the  proper  position. 

The  plan  of  a  mine  assumes 
then  the  form  represented  in  fig, 
38,  and  may  be  ventilated  by  an  air- 
shaft  erected  at  the  farthest  end  of 
the  mine,  A  spacious  drift  may  ■ 
here  conduct  iresh  air  to  any  num- 
ber of  workmen,  and  where  mate- 
rial for  filling  is  cheap,  it  is  the 
better  plan  of  working  any  mine 
of  horizontal  extent.  All  the 
minerals  are  here  taken  otit  at 
once,  and  there  is  no  necessity  for 
keeping  those  parts  in  repair  which 

are  partly,  but  not  quite,  exhausted.  Such  repairs  are  expensive, 
and  require  constant  attention.     Where  cheap  material  for  filling 
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may  be  obtained,  this  plan  of  working  any  kind  of  mine  is  most 
profitable,  and  the  best  suited  to  our  country. 

The  principle  of  working  any  form  of  deposit  is  then  the 
same  in  all  cases;  itconsists  in  taking  out  all  the  mineral  at  once, 
and  filling  the  spaces  partly  with  rubbish,  either  from  the  interior 
of  the  mine,  or  taking  it  from  some  place  outside  convenient  to 
the  mouth  of  the  mine.  This  kind  of  work  may  answer  almost 
in  all  cases  where  ores  are  taken  out,  but  for  minerals  which  can- 
not bear  much  expense,  such  as  coal  or  iron-ore,  it  is  doubtful  if 
it  is  the  best  plan.  In  the  western  coal  basins  a  bushel  of  bitu- 
minous coal  pays  from  one  cent  to  one  cent  and  three-fourths  to 
the  miner ;  and  it  may  be  asserted  that,  at  that  rate,  not  much 
rocky  matter  can  be  introduced  into  the  mine.  It  may  be  re- 
marked, however,  that  in  all  these  localities,  rock  is  cheap,  and  may 
be  brought  into  the  mine  at  the  same  price  at  which  coal  is  taken 
out ;  and  not  one-fourth  of  the  weight  of  the  coal  dug  is  re- 
quired to  fill  the  mine.  When  we  consider  that  most  of  the  mines 
suffer  from  a  bad  roof  or  soft  pavement,  which  compels  the  miner 
to  leave  uncommonly  strong  pillars  of  coal ;  that  also,  he  is  fre- 
quently compelled  to  allow  coal  to  remain  on  the  roof  and  floor 
for  his  own  safety ;  and  consider  further,  that  these  mines  often 
break  down,  notwithstanding  these  precautions,  and  bury  all  the 
coal  in  the  pillars,  roof  and  pavement ;  we  are  authorized  to  con- 
clude, that  at  least  one-fourth  in  all  cases,  and  in  some  the  en- 
tire half  of  the  mineral  is  lost  to  the  owner  and  the  commimity. 
To  carry  stone  or  shale  into  the  mine,  equal  to  one-fourth  the 
coal  extracted,  would  increase  the  expenses  per  bushel  25  per 
cent.  The  full  amount  of  this  may  be  saved  in  most  cases  by  the 
miner,  particularly  where  he  is  compelled  to  work  in  small  rooms 
on  account  of  soft  pavement  and  roof  In  the  manner  proposed, 
he  has  a  large  room,  the  car  for  loading  close  at  hand,  needs 
little  or  no  timber,  and  has  at  all  times  an  invariable  supply 
of  fresh  air.  The  owner  of  the  mine  saves  a  great  deal  by  this 
mode  of  work ;  he  is  sure  to  extract  every  ton  of  coal  in  his  field. 
If  an  acre  of  coal  of  the  Pittsbiu-g  vein  contains  600,000  bush- 
els of  salable  coal,  and  but  300,000  bushels  are  extracted,  the 
owner  loses  actually  the  one  half  In  many  instances,  but  200,000 
bushels  have  been  removed,  when  the  mine  broke  down.  K  a 
bushel  of  coal  is  worth  but  one  cent  to  the  owner,  which  is  the 
general  price,  and  he  loses  $3,000  worth  of  coal  in  an  acre,  he 
may  spend  part  of  the  inevitable  loss  to  prevent  it.  If  the  owner 
were  to  pay  all  the  expenses  of  stones  for  filling  and  the  miner 


MINING.  79 

nothing,  he  would  still  be  the  gainer  at  the  rate  of  25  per  cent 
on  the  value  of  his  property.  It  is  therefore  evident,  that  in  all 
cases  this  is,  to  the  miner,  the  most  practicable  mode  of  mining; 
it  is  the  most  profitable  to  the  owner,  and  is  a  benefit  to  the  com* 
munity  and  to  pur  descendants.  All  useful  minerals  which  are 
lost  by  wasteful  individuals  in  dead  mines,  are  lost  to  the  com- 
munity. The  German  miners  call  such  kind  of  mining  "Baub- 
bau," — ^robbery. 

Packets,  nests,  or  concretions,  are  generally  distributed  in  larger 
masses  of  vein-stone ;  we  find  them,  however,  in  the  form  of 
small  veins  injected  in  the  crevices  of  the  rock,. such  as  galena,  in 
the  fractures  of  slate.  When  such  small  bodies  of  ore  are  dis- 
tributed in  large  masses  of  distinct  rock,  which  latter  compose  a 
vein  or  mass  in  the  general  formation,  the  mode  of  working  is  simi- 
lar to  that  described  above  for  veins ;  and  if  the  dead  matter  of 
the  vein,  which  necessarily  must  be  quarried  in  order  to  obtain  the 
mineral,  so  far  predominates  as  to  make  the  amount  of  ore  yielded 
by  the  vein  too  small  to  pay  these  expenses,  the  mine  must  be 
abandoned.  It  is  in  these  instances  that  the  well-informed  miner 
can  show  his  superiority  to  th^  mere  laboring  man.  The  latter 
will  follow  any  tract  of  mineral  with  sanguine  expectations  of 
increase  or  good  chance,  and  he  is  often  led  to  labors  which 
never  can  be  repaid.  The  failure  of  such  enterprises  dis- 
courages others  who  are  better  situated,  and  who  may  be 
induced  by  their  ill  success  to  abandon  good  positions.  A 
well-informed  miner  knows  by  the  nature  of  the  mineral,  and 
by  the  appearances  of  the  accompanying  vein-stone,  how  much 
mineral  the  vein,  on  an  average,  may  yield.  He  will  form  a 
well-digested  plan  of  working  the  mine,  and  if  he  finds  the 
amount  of  mineral  which  may  be  raised,  by  expending  a  cer- 
tain Sinn  in  dead  work,  will  not  pay  the  latter,  he  abandons 
the  project  altogether.  The  simple  working  miner,  who 
has  not  knowledge  enough  to  judge  of  the  nature  of  the  rock,  must 
follow  where  his  senses  lead  him ;  he  cannot  arrange  a  plan  for  sys- 
tematical work,  so  as  to  reduce  the  expenses  of  extraction ;  he  takes 
out  what  he  can  see  and  reach  without  regard  to  expenses 
and  consequences.  It  is  easily  perceived  that  the  work  of  ex- 
traction, carried  on  from  the  top  of  a  vein  downwards,  can  be 
prosecuted  only  to  a  very  limited  depth,  and  all  the  rest  of  the 
mineral  below  must  be  either  lost,  or  extraordinary  expenses  are 
required  to  recover  the  mine.    Such  work  at  the  top  of  a  vein 


80  METALLtJRGY. 

is  very  expensive  in  its  nature ;  all  the  rock  and  vein-stone  must 
be  dug  by  bits  and  by  means  of  the  pick ;  no  facilities  are  afford- 
ed to  the  miner  in  the  advantages  arising  from  gravity;  no 
roof  is  there  to  protect  him  against  injury;  all  the  rubbish 
must  be  at  once  removed  to  some  distant  place ;  and  all  the  water 
which  may  enter  his  digging  concentrates  to  annoy  him.  These 
are  the  causes  of  abandoning  many  of  our  ore  mines,  particularly 
the  copper  mines  along  the  Atlantic  coast,  after  expending  a 
great  deal  of  money.  There  are,  no  doubt,  some  good  mines 
among  the  lost  ones,  but  the  general  ill  success  which  accom- 
panied most  of  these  enterprises  has  caused  so  much  distrust, 
that  good  and  bad  are  condemned  promiscuously.  When  the 
lead  miners  of  the  rich  Missouri  district  dig  merely  a  hole  and 
remove  the  ore  so  far  as  they  can  reach,  there  is  no  wonder  the 
ore  is  expensive,  and  the  business  suffers  in  the  midst  of  profti- 
sion.  The  gold-ore  diggers  in  the  Southern  States  are  generally  in 
the  habit  of  digging  a  ditch,  sometimes  even  a  deep  ditch,  and  make 
good  wages  during  that  time ;  but  they  soon  find  their  expenses  so 
heavy  that  they  cannot  go  further  down,  notwithstanding  the  ore 
may  be  equally  as  rich  in  the  deepest  parts  as  it  has  been  at,  or 
near,  the  surface. 

All  these  difficulties  may  be  avoided  by  systematic  work,  and 
by  forming  a  correct  plan  and  estimates  at  the  outset  If  one  indi- 
vidual does  not  possess  all  the  knowledge  requisite  to  form  such  a 
plan,  a  number  of  men  united  may  concentrate  sufficient  intelligence 
to  accomplish  it.  The  working  of  a  mine  is  not  different  in  principle 
from  any  other  business ;  no  sensible  man  will  build  a  house  with- 
out laying  down  a  plan  before  he  commences  the  work,  nor  en- 
gage in  any  business  without  calculating  the  cost  and  proceeds 
of  it.  If  a  man  ventures  to  build  a  steam  engine  without  know- 
ing any  thing  of  the  principles  on  which  it  is  constructed,  or  of 
the  manner  in  which  it  is  put  together,  he  may  surely  expect  to 
make  a  failure ;  he  will  lose  both  the  machine  and  his  money. 
It  is  exactly  the  same  in  mining ;  and  as  the  means  for  obtaining 
the  knowledge  required  for  mining  are  not  afforded  in  such 
abundance,  and  cannot  be  obtained  with  equal  facility  as  those 
which  furnish  a  knowledge  of  steam  engines,  we  may  naturally 
expect  there  will  be  a  less  number  of  men  well  informed  on 
mining  than  on  the  steam  engine. 

Practical  Remarks  on  Mining, — The  operation  of  mining  is  di- 
vided into  two  distinct  branches;  the  planning  of  it  requires  a 
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different  kind  of  knowledge  from  that  of  working  a  mine ;  both 
united  are  the  only  means  to  secure  the  success  of  the  enterprise ; 
neither  one  nor  the  other  by  itself  is  sufficient  to  depend  upon 
entirely.  A  cubic  yard  of  limestone  may  be  quarried  at  an  ex- 
pense of  80  cents,  if  no  stripping  is  to  be  done ;  the  removal  of 
earth  or  rubbish  of  course  increases  the  cost  of  it,  which  may,  in 
many  instances,  bring  it  to  75  cents.  Sandstones  of  the  coal 
formation  may  be  worked  at  the  same  price  as  limestone,  and 
often  as  low  as  20  cents  a  cubic  yard.  Shale,  or  slate,  may  be 
dug  at  10  cents  a  cubic  yard.  Granite,  trap,  gneiss,  and  por- 
phyry may  cost  as  high  as  $8  per  yard  if  it  is  to  be  broken ; 
stratified  hard  rock  6rom  $2  to  $1.  Similar  prices  govern  the 
work  in  a  mine.  To  these  prices,  however,  we  have  to  remark, 
that  in  digging  a  shaft  of  small  dimensions  in  hard  rock  the  ex- 
penses per  yard  are  considerably  higher  than  in  a  wide  shaft,  and 
&r  higher  than  in  the  open  quarry,  or  in  a  vein  which  has 
a  good  undermining.  A  cubic  yard  of  granite  or  trap  cannot  be 
taken  out  of  a  four  feet  shaft  for  less  than  $12 ;  from  a  larger 
shaft  at  from  $6  to  $10,  and  from  a  vein  with  good  undermining 
it  may  be  removed  for  $1.  These  prices  are  chiefly  regulated  by 
the  amount  of  work  caused  to  the  miner  in  separating  the  stones 
from  the  mass  of  the  rock.  A  shaft  may  be  sunk  in  sandstone 
at  the  rate  of  $6  and  from  that  to  $3  per  cubic  yard ;  in  slate, 
shale  and  gravel,  at  fi^m  $2  to  $1.  These  prices  are  all  exclu- 
sive of  timbering  or  walling.  A  drift  in  granite  or  unstratified 
rock  is  quite  as  expensive  as  a  shaft  in  that  kind  of  rock,  but  in 
stratified  rock  it  may  be  done  cheaper.  A  cubic  yard  of  the 
rocks  of  the  coal  strata  may  be  removed  at  $1  50,  or  $1.  In 
these  prices  are  included  the  sharpening  of  tools,  and  the  removal 
of  the  fragments  to  the  mouth  of  the  pit.  When  timber  is  re- 
quired, for  supporting  shattered  rocks,  the  miners  are  under 
obligations  to  put  it  in  without  extra  pay.  The  prices  paid  to  the 
miners  for  digging  minerals,  varies  of  course  greatly ;  but  we  may 
always  calculate  upon  the  amount  of  rock  and  the  mineral  which 
must  be  removed  in  order  to  make  the  work  profitable.  When 
a  vein  of  coal  is  very  hard,  has  no  undermining,  and  requires 
much  cutting  in  hard  matter,  a  ton  may  cost  $2  to  dig  it ;  if  a 
similar  vein  of  coal  contains  a  seam  of  soft  mineral,  it  may 
be  raised  at  $1,  and  even  at  a  less  price,  if  the  vein  is  strong  and 
gunpowder  can  be  applied.  Bituminous  coal,  with  a  good  un- 
dermining, and  5  or  6  feet  vein,  can  be  dug  at  20  cents  per  ton. 
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exclusive  of  hauling.  The  average  price,  however,  paid  for  dig^ 
ging  bituminous  coal,  is  from  a  cent  to  a  cent  and  a  half 
per  bushel,  which  brings  the  ton  to  from  25  cents  to  37  cents. 
The  prices  paid  for  hauling  vary  according  to  locality.  If  the 
distance  is  long,  and  the  means  of  transportation  imperfect,  a  ton 
may  cost  fifty  cents  for  hauling  it  from  the  rooms  to  the  mouth. 
of  the  pit ;  are  the  means  convenient,  such  as  large  cars,  rail- 
roads, and  the  drifts  and  galleries  high  enough  for  a  horse,  a 
ton  may  not  cost  more  than  eight  or  ten  cents  fix>m  the  rooms  to 
the  mouth  of  the  pit.  A  cubic  yard  of  brittle  matter,  if  veinstone 
or  ore,  may  be  cut  loose  by  the  miner  at  the  price  of  50  cents  and 
less ;  slaty  rock  at  the  same  price,  and  from  that  to  $1.  Bock 
which  must  be  blasted  and  broken,  will  cause  an  expense  of 
$1  to  $2  per  yard.  A  good  imdermining  facilitates  in  all  cases 
tlie  work,  and  reduces  these  prices  considerably. 

Blasting. — Gunpowder  is  the  most  valuable  agent  for  excava- 
tion ;  it  is  however  of  more  service  in  the  work  of  extraction 
than  in  that  of  preparation,  because  in  removing  the  minerals 
those  regular  forms  of  the  walls  are  not  required,  which  distinguish 
the  shaft  and  the  drift  from  the  gallery.  Blasting-powder  is  em- 
ployed in  different  quantities  and  in  various  forms,  according  to  cir- 
cumstances. In  slaty  open  rock,  in  rotten  brittle  shale,  and  in  loose 
gravel,  it  Ls  of  no  use ;  but  in  hard  rock,  in  sandstone,  limestone, 
and  similar  substances,  blasting  is  extremely  serviceable,  and 
often  reduces  the  prices  of  working  hard  rock  to  that  of  soft  ma- 
terial. Gunpowder  is  of  most  service  where  the  vein  has  a  seam 
of  soft  mineral,  or  a  succession  of  cavities  on  one  side,  so  that 
a  blast  applied  at  the  opposite  termination  of  the  vein  may  re- 
move the  whole  thickness  of  it.  K  the  soft  matter  or  the  cavities, 
are  in  the  middle  of  the  vein,  it  requires  always  two  blasts,  and 
of  course  the  drilling  of  two  holes  as  well  as  two  charges  of  gim- 
powder,  to  remove  the  vein.  The  amount  of  gunpowder  used  is 
often  calculated  to  be  proportionate  to  the  amount  of  rock  re- 
moved, but  this  is  not  so  in  practice ;  where  the  amoimt  of 
matter  removed  is  limited,  the  consumption  of  powder  increases 
more  rapidly  than  the  quantity  of  rock  removed.  In  mines  which 
have  a  large  quantity  of  shattered  rocks,  the  application  of 
powder  is  limited  by  the  consideration  that  injury  may  be 
C4iused  to  other  parts  of  the  mine.  The  removal  of  thick  veins, 
or  masses,  or  heavy  rock,  also  veins  of  pyrites,  is  often  connected 
with  considerable  difficulty,  because  heavy  blasts  cannot  con- 
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Temenily  be4i.ppli6d.  In  all  such  cases  it  is,  however,  the  cheap- 
est way  of  working  masses ;  and  if  holes  for  blasting  cannot  well 
be  drilled,  they  can  be  formed  by  acids.  Pyrites  may  be  pene- 
trated by  nitric  or  muriatic  acid;  also  native  metals,  such  as 
copper,  limestone,  and  magnetic  iron  ore,  may  be  dissolved  by 
any  add-^-lbe  mmialao  is,  however,  the  most  generally  used. 
In  thiB^-eMd*  lilt  CttiDOl  sink  any  other  form  of  h^  than  a  verti- 
cal ojMfcii%.S9Nirlpampi|lation  is  easily  performed  by  setting  a 
glass  Itadrii  fMftically  tipoQ:  the  rook,  and  providing  its  top  with  a 
funnel  axui  apf^atus,  so  as  to  let  in  the  acid  drop  by  drop.  If  the 
pipe  is  close  fitting  to  the  rock,  and  the  acid  poured  in  very 
slowly,  the  hole  will  not  be  much  larger  than  the  glass-pipe. 
The  tube  must  descend  with  the  bottom  of  the  hole,  and  be 
always  close  to  it.  This  operation  works  very  slowly ;  but  in 
pyrites,  or  compact  magnetic  iron  ore  which  cannot  be  pene- 
trated by  steel  tools,  it  is  a  useful  method  of  preparing  a  hole  for 
blasting.  When  heavy  masses  are  to  be  detached  by  one  charge, 
the  hole  may  be  made  wider  in  the  bottom  by  letting  down  the 
acid  more  rapidly,  which  will  spread  over  a  larger  surface  and 
dissolve  a  greater  width. 
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CHAPTER    V. 

HauUng  and  Hoisting, — The  mineral,  after  being  detached 
frovci  the  mass  of  the  vein,  is  carried  to  the  mouth  of  the  pit  by 
various  means.  This  kind  of  work  is  generally  performed  by 
laborers  who  are  not  miners ;  and  if  it  is  included  in  the  contract 
of  the  miner,  it  is  given  by  these  to  other  parties  who  perform 
it  for  them. 

Dog^f^rt^r-Om  of  the  most  common  means  of  carrying  minerals 
firom  the  wall-face  to  the  bottom  or  mouth  of  the  pit,  is  the  dog- 
cart of  the  coal  mines.  It  is  a  convenient  and  cheap  mode  of 
transporting  mineral  in  the  subterranean  passages,  and  we  enter- 
tain serious  doubts  which  is  the  cheapest — that  by  horses  on  the 
tram-road,  or  that  by  dogs  on  the  plank-roud.  In  fig.  39,  is  repre- 
sented a  cart  which  is  in  general  use  in  the  Western  coal  mines. 
It  is  about  three  feet  high,  with  light  wheels,  and  the  capacity  of 
its  box  is  about  half  a  ton  weight,  or  twelve  bushels  of  bituminous 
ooaL    Oak  planks  are  laid  lengthways  in  the  drifts  and  galleries, 
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to  form  a  track  for  eacb  wheel ;  and  where  the  floor  of  the  mme 
is  muddy,  or  a  drain  ie  made  in  the  middle  of  the  road,  a  plank 
is  laid  for  the  man  and  dog  to  Valk  on.    When  this  road  is  kept 


in  good  order,  a  strong,  heavy  dog  will  pull  the  whole  load  easily, 
and  the  man  has  no  other  labor  to  perform  than  to  direct  the 
cart  and  keep  it  on  its  track.  "When  it  has  arrived  at  the  depot — 
either  at  the  platform  near  the  mouth  of  the  pit,  or  at  the  depot 
of  the  hoisting-machine — the  dog  turns  aside,  the  cartman  raises 
the  handles  of  the  cart  and  discharges  the  load.  This  apparatiu  ia 
very  convenient  and  performs  cheap  work ;  the  cart  can  be 
brought  close  to  the  miner  without  any  particular  preparation; 
it  will  run  on  a  rough  pavement  when  required,  and  does  not 
need  planks  to  be  laid  in  the  rooms  where  the  miners  are  at 
work.  A  dog  moves  fast,  and  if  a  quick  driver  ia  with  him, 
a  dog  and  man  perform  almost  as  much  work  as  a  horse  and 
man,  and  without  requiring  so  much  preparation  in  roads 
and  wagons  as  the  latter.  The  form  of  the  plank-road,  as 
we  commonly  find  it — that  is,  with  the  planks  laid  longitudi- 
nally— is  objectionable;  the  planks  are  never  in  order,  the 
end-joints  never  fit  well,  and  the  men  have  almost  as  much  work 
in  keeping  the  road  or  planks  in  place,  as  in  carting  the  mineral. 
Besides  these  disadvantages,  the  planks  do  not  last  long;  the 
wheels  soon  wear  a  groove  which  causes  them  to  split.  In 
many  mines  the  planks  are  laid  crosswaya,  as  on  common  plank- 
roads,  so  that  the  wheels  traverse  the  fibre  of  the  wood.  This  is 
a  far  more  judicious  plan ;  the  planks  lasD  longer,  and  the  road 
is  easier  kept  in  order ;  the  dog  pulls  stronger,  and  his  feet  are  not 
80  liable  to  injury.  This  latter  plan  of  laying  roads  requires 
some  more  planks  than  the  former;  but  when  the  greater  dura- 
bility and  easier  work  on  it  are  considered,  there  is  little  doubt 
as  to  the  advantages  of  the  cross-laid  plank  to  the  plank  laid 
longitudinally. 

Ti'S  Wheelbarrow, — In  many  instances,  it  is  not  profitable  to 


Duke  uae  of  a  large  cart,  beca\ise  the  amount  of  mlaeral  m  smaU, 
or  tbe  diBtance  short;  the  wheelbarrov  is  then  resorted  to  aa  a 
meaofi  of  transportatioiL  This  method  is  expensive,  and 
if  it  can  be  avoided,  it  should  be,  by  all  means.  In  short 
diifta,  or  in  preparatory  work  where  not  much  rubbish  is 
made,  or  in  amall  veins  where  little  mineral  is  raised,  the  use 
of  the  wheelbarrow  is  excusable,  but  in  all  instances  where  one 
man  finds  full  nnployment  in  wheeling  the  cart  should  be 
used ;  for,  without  a  dog  a  man  can  perform  three  times  as  much 
labor  with  the  cart  as  with  the  wheelbarrow.  K  there  is  not 
sufficient  work  to  employ  the  cart  constantly,  it  is  advisable  to 
let  the-man  rest,  or  do  some  other  work  in  the  intervals  when  not 
hauling.  At  a  mine  there  is  always  work,  and  the  less  the  num- 
ber of  hands  the  better.  Where  an  improvement  in  machinery 
or  tools  can  be  made,  it  should  be  done  by  all  means,  partly  to 
reduce  labor,  but  chiefly  to  perform  more  work  in  the  same 
time  and  in  the  same  space.  If  a  laborer  is  not  fully  employed  in 
transporting  mineral,  he  may  wat<:h  the  drains,  keep  the  road 
in  order,  and  attend  closely  to  the  miners,  so  as  to  remove  all  the 
loose  matter  which  may  be  in  their  way.  The  conmion  wheel- 
barrow is  an  impracticable  vehicle  in  a  mine;  canal  barrows 
are  better,  but  still  they  are  too  heavy  and  large  for  small  rooms. 
A  wheelbarrow  must  be  low,  and  light,  so  as  to  be  easily  loaded 
and  unloaded.  The  physical  force  of  a  workman  in  a  mine  is 
soon  exhausted,  if  his  strength  is  taxed  as  much  as  in  the  free 
air.  The  moisture  of  the  mine,  and  the  bad  air,  soon  reduce  the 
energies  of  the  subterranean  workman.  In  fig.  40  is  represented 
a  wheelbarrow,  made  entirely  of  li  inch  pine  phmk,  with 
the  exception  of  the  wheel,  which  should  be  a  common  wooden 
wheel,   light  and    strong.      Cast-iron    wheels    are   in  frequent 

Wlf.  40, 


use,  but  (hey  are  objectionable  on  account  of  their  weight.  Bo'.i 
aides  of  the  barrow  are  formed  by  planks,  of  about  4}  feet  in 
length,  and  the  bottom  is  provided  with  some  strips  of  strong 
hoop-iion  which  pass  across  the  sides,  and  hold  them  to  the 
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bottom ;  these  protect  the  bottom,  and  prevent  the  splitting  of  the 
sides. 

Horse  Wagons^  or  Oars, — ^Where  a  large  amount  of  mineiral  is 
to  be  transported,  such  as  coal,  horse  wagons  provided  with  fouar 
iron  wheels  are  used.  In  this  instance  iron  rails  or  wooden  trams 
are  laid,  the  latter  if  the  amount  of  mineral  is  limited'  and  the 
iron  liable  to  be  corroded  by  the  waters  of  the  mine.  This 
mode  of  transportation  is  chiefly  resorted  to  in  the  centraV  drifts, 
where  the  full  force  of  a  horse  or  mule  can  be  employed,  so  as  to 
transport  a  large  quantity  of  material  over  one  tract.  When 
a  road  is  kept  in  good  repair,  and  the  rails  are  laid  grad» 
ually  descending  in  the  direction  of  the  discharge,  so  as  to  afford 
to  the  horse  equal  labor  in  pulling  the  loaded  or  the  empty  wag* 
oUvS,  a  horse  may  pull  four  wagons  either  way;  and  if  the 
distance  to  which  the  mineral  is  to  be  carried  is  known,  it  may 
be  easily  calculated  how  much  a  horse  can  haul  in  a  certain 
time.  The  descent  of  the  road,  from  the  workrooms  to  the 
point  of  unloading,  is  then  2  feet  in  a  100  feet,  which  afifords 
in  the  mean  time  more  than  sufficient  fall  for  the  discharge  of 
the  water.  When  the  descent  is  more  than  that,  the  horse  can- 
not draw  four  empty  wagons ;  and  it  is  of  no  use  to  calculate  on 
the  transport  of  loaded  cars,  when  the  unloaded  cannot  be 
brought  back  on  the  same  track.  In  most  instances  we  see  one 
horse  attached  to  two  wagons,  which  indicates  too  much  or  too 
little  descent  in  the  road.  The  form  of  rails  in  most  common 
use,  is  that  of  the  flat  wrought-iron  rail,  fastened  to  continuous 
sleepers  of  wood,  the  latter  laid  upon  cross  sleepers ;  the  rails  are  in 
this  case  flat  iron  of  2  inches  by  i  or  4.  of  an  inch,  and  from  that  to 
li  inch  by  i  inch.  Outside  the  mine,  there  is  no  objection  to  this 
mode  of  laying  the  rail ;  but  in  the  interior,  where  the  road  is  sub- 
ject to  frequent  alterations,  this  form  of  road  is  expensive.  In  the 
interior  of  the  mine  it  is  more  convenient  to  use  flat  rails  edge* 
ways,  and  fasten  them  in  iron  chairs  and  on  cross  sleepers,  or  to 
festen  the  rails  directly  to  cross  sleepers.  The  angular  oast-iron 
rail  is  also  in  use,  but  not  extensively.  It  deserves  some  con- 
sideration on  the  part  of  the  miners  to  determine  if  a  well  laid 
and  graded  plank-road  is  not  the  cheapest  form  of  road  in  the 
interior  of  the  mine;  it  certainly  is  the  most  convenient.  It 
is  cheaper  than  the  railroad,  and  if  the  wheels  of  the  cars  are 
larger  than  those  on  railroads,  and  the  horse  is  made  to  walk  in 
shafts  so  as  to  guide  the  cars,  he  may  perhaps  pull  as  much  on 
the  plank  road  as  on  iron  rails. 
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flbe  azm  at  the  'vagons  is  alvaya  calculated  so  as  to  tak« 
one  tOD  of  mineial  Thia  requires  a  capacity  of  25  bushels  for 
heavy  bituminous  coal,  20  bushels  for  anthracite,  and  from  12  to 
16  bushels  for  iroo-ore  aad  other  minerals.  In  order  to  have 
the  box  of  the  vagou  as  low  as  possible,  its  area  is  increased  as 
Sa  as  practicable,  and  the  wheels  made  low.  High  cars  cause  a 
high  lifting  of  the  mineral  in  loading,  which  is  tiresome  to  the 
workman,  and  makes  slow  work.  The  loading  of  the  wagons 
ja  generally  done  by  the  miners  themselves,  the  trammers  or 
drireis  merely  hitch  to  the  loaded  cars  and  return  with  the  empty 
to  the  rooms.  The  cars  are  generally  provided  with  a  door  in 
&6  bottCHn,  or  one  of  the  ends  is  attached  with  hinges  so  as  to  ad- 
mit of  its  being  opened  for  unloading ;  for  these  reasons  one  of  the 
wheel  axles  is  generally  near  the  middle  of  the  car,  which  facili- 
tates the  unloading  of  it  by  the  driver ;  the  two  axles  are  also 
made  close  together,  which  causes  the  wagons  to  run  with  more 
ease  on  the  road.    In  fig.  41  is  represented  a  train  of  cars,  which 


needs  no  further  explanatJou.  The  axles  of  the  cars  are  gen- 
erally made  of  square  wroughtriron  bars,  of  Ij  or  2  inches  thick, 
festened  to  the  wagons,  the  wheels  turning  about  the  axles.  The 
wheels  are  of  cast-iron,  often  dish-shaped,  and  at  other  times  pro- 
vided with  spokes.  The  bore  in  the  centre  of  the  wheel  is  formed 
by  inserting  a  turned  and  well-polished  iron,  or  steel  core,  in  the 
mould  before  casting  the  wheel.  By  this  means  the  bore  is  made 
perfectly  round,  hard,  and  durable.  There  is  no  need  of  chilling 
the  6anges  of  the  wheels,  for  the  abrasion  on  the  raUs  i^  not  so 
much  as  to  cause  any  serious  damc^ ;  the  circumference  of  the 
wheel  will  always  last  as  long  as  its  nave,  and  there  is  no  need  of 
its  being  more  durable  than  that 

There  are  various  other  means  of  transporting  mineral  in  the 
interior  of  mines,  such  as  hand-sleighs,  baskets  with  slips,  or 
baskets  carried  on  the  backs  of  men  or  females.  These  means 
are  not  employed  in  our  mines,  and  we  should  be  sadly  disap- 
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pointed  in  the  character  of  oar  citdzens  if  tbey  ever  resorted  to 
this  mode  of  transportation  whicli  degrades  human  intellect  and 
human  power.  It  is  preferable  to  let  all  the  minerals  remain 
where  they  are  than  to  require  men  to  debase  themselves  for  their 
extraction.  If  mines  do  not  pay  enough  to  afford  manly  employ- 
ment to  miners,  that  is,  to  require  of  them  only  such  labor  as  can- 
not be  performed  either  by  machines  or  by  animals — labor  in 
which  human  intellect  is  exercised — ^it  is  better  to  abstain  from 
mining.  There  are  machines,  sleighs,  or  cars,  in  use  in  ths 
European  mines,  to  which  a  man,  boy,  or  girl,  is  hitched  by  meant 
of  a  strap ;  they  work  in  low  galleries  or  drifts  on  their  hands 
and  feet  like  quadrupeds,  and  for  no  other  reason  than  that  it 
would  cause  a  little  more  expense  in  excavating  a  spacious  drift^ 
when  animals  or  machinery  might  he  used  for  the  same  purpos& 
The  forms  of  barrows,  care,  and  wagons  are  various,  to  suit  the 
special  purposes,  or  meet  the  fancies  of  the  superintendent  of  a 
mine.     It  would  lead  us  too  far  to  notice  these  varieties. 

Inclined  Planes.— iioBt  of  our  mines  are  located  in  elera^ 
tions  high  above  the  water  level  of  the  country,  and  are 
worked  by  means  of  drifts.  The  mouth  of  such  drifts  is  &^ 
quently  in  hill-sides  which  are  too  steep  for  roads,  or  if  accessible 
by  them,  the  transportation  on  a  road  would  be  too  expensive  fiar 
the  mineral ;  in  these  cases  an  inclined  plane  is  used,  on  which 
the  wagons  are  run  down  by  their  own  weight,  and  are  checked 
by  a  rope  and  brake.     In  fig.  42  we  represent  such  an  arrange- 


ment as  is  generally  used  at  the  coal  mines.  The  brake  is  at 
the  mouth  of  the  pit,  and  the  cars  which  come  down  the  plane 
are  either  used  in  the  mine,  or  are  loaded  at  the  mouth  of  the  pit 
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by  tilting  the  contents  of  the  dog  cart  into  them;  the  first,  how- 
ever, is  the  more  general  plan.  The  rope  by  which  the  cars  are 
lowered  is  slnng  around  a  drum  or  pulley,  which  is  checked  in 
its  motion  by  a  brake.  One  end  of  the  rope  is  fastened  to  a  loaded 
wagon,  and  in  letting  it  down,  the  other  end  brings  up  an  empty 
^agon  to  which  it  is  attached. 

In  the  illustration  we  have  selected  a  spot  at  the  Kaskimin- 
itas  river  in  western  Pennsylvania,  showing  in  the  mean  time 
the  succession  of  strata  &om  the  top  of  the  hill  down  to  the  river's 
surface.  A  is  a  layer  of  shale  and  sandstone,  often  100  and  more 
feet  thick,  frequently  interspersed  with  small  veins  or  nodules  of 
iron  ore.  B  is  a  vein  of  coal,  5  feet  thick.  C  limestone,  20  feet 
D  iron  ore,  firom  2  to  3  feet  thick ;  this  is  argillaceous  ore,  often  in 
balls,  but  generally  in  a  continuous  vein  of  fine  quality.  E  a  vein 
of  fire  clay.  F  sandstone,  60  feet.  G  coal,  from  3  to  4  feet,  n 
shale,  20  feet  I  iron  ore,  6  to  8  inches.  K  foasiliferous  limestone, 
5  to  10  feet  L  iron  ore,  4  to  6  inches,  of  a  very  superior  quality. 
M  a  vein  of  excellent  hard  sandstone,  and  from  that  to  the  river 
is  shale,  frequently  interlined  with  small  nodules  and  veins  of 
iron  ore.  This  section,  which  lies  between  dams  No.  2  and  3, 
shows  with  how  much  prodigality  nature  has  distributed  the  min- 
erals for  the  manufacture  of  iron  in  that  part  of  the  country. 
This  is  the  more  apparent  when  we  consider  the  immense  extent 
of  the  coal  formation,  which  is  uniformly  of  the  same  character. 
The  above  section  is  not  particularly  selected  for  its  abundance, 
for  there  are  localities  which  afford  more  minerals  in  the  same 
space,  but  it  may  be  considered  a  fidr  specimen  of  the  western 
coal  field  in  its  lower  strata. 

Hoisting  in  Shafts, — Mines  which  are  so  low  as  to  afibrd  no 
natural  discharge  of  water,  must  be  penetrated  by  shafts,  and  of 
course  the  mineral  is  then  hoisted  by  means  of  machinery  in 
these  shafts.  In  sinking  a  temporary  shaft,  or  a  shaft  of  exami- 
nation, the  hoisting  of  the  rubbish  and  water  is  done  by  the  com- 
mon hand-whim,  such  as  is  represented  in  fig.  43.  These  ma- 
chines make  labor  expensive  and  should  be  avoided  if  possible ; 
where  a  shallow  pit  of  20  or  30  feet  in  depth  is  to  be  excavated, 
its  use  is  excusable,  but  if  a  greater  depth  is  finally  designed  it  is 
preferable  to  employ  at  once  the  horse- whim.  In  such  shafts  of 
preparatory  work,  water-tight  buckets — kibbels — ^well  secured  by 
iron,  are  used,  so  as  to  contain  gravel,  fragments  of  rock,  mud,  and 
water  at  once. 
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The  horae-'n'Mm  and  its  applicatioa  is  repTesented  in  fig.  44. 
It  consists  of  a  vertical  axle  or  shaft  of  strong  wood,  provided 
with  radial  anna  for  the  horscB  to  pull  on.     A  dram  upon  which 


the  rope  winds  is  above,  and  generally  from  3  to  6  feet  in  diam- 
eter.  In  mines  where  but  little  water  enters,  these  machines  are 
useful,  for  they  may  be  made  to  lift  a  great  deal  of  mineral,  as 
the  number  of  horses  con  be  conveniently  increased  to  four,  or 


diminished  to  one.  The  class  of  horses  and  their  time  of  work 
may  also  be  altered,  according  to  the  demands  of  the  mine.  In 
all  cases,  however,  where  a  lai^  quantity  of  water  enters  the 
mine,  these  means  are  insufBcient  for  working  it  to  advantage. 
The  power  of  one  horse  attached  to  these  machines  is  easily  caX- 
culated,  when  we  consider  that  a  strong  horse  cannot  lift  more 
than  5,000  pounds  one  foot  high  in  one  minute,  inclusive  of  flrio- 


lion.  K  we  subtract  from  this  the  friction  in  the  gudgeons,  and 
the  rigidity  of  the  rope,  the  available  eftect  of  a  horse  amounts  to 
not  more  than  half  of  the  above,  and  in  most  instances  only  to 
one-third. 

In  fig.  45  we  furnish  a  drawing  of  a  horse-whim,  in  general 

Fig,  4i 


nee  at  the  mines  in  the  Southern  States,  serving  at  the  same  time 
for -hoisting  minerals,  and  also  for  lifting  water,  which  is  generally 
so  arranged  that  when  ore  is  hoisted  no  water  is  drawn.  Water 
is  lifted  in  a  large  barrel,  as  shown  in  the  drawing;  this  is  a  strong 
oak  vessel  well  provided  vnih  iron  hoops,  and  has  a  capacity  of 
from  80  to  100  gallons ;  two  horses  generally  are  required  to 
hoist  it  when  filled  with  water.  This  water-caak  is  provided  with 
a  valve  in  its  bottom,  which  opens  when  the  vessel  reaches  the 
pool  at  the  bottom  of  the  pit,  the  cask  then  fills,  and  in  reversing 
the  direction  of  the  horses  N  is  raised.  When  N  arrives  at  the 
mouth  of  the  pit  it  is  drawn  over  a  drain,  the  valve  opened,  and 
the  water  flows  off.  While  a  filled  barrel  is  thus  hoisted  an  empty 
one  is  moving  down,  so  that  the  horses  are  kept  constantly  at 
work.  The  minerals  are  kept  in  common  kibbels,  of  which  one 
ia  r^sesented  in  the  figure;  these  are  about  half  the  capacity  of 
the  water  vessel,  and  in  the  form  of  a  common  bucket. 

In  mines  fiy)m  which  a  considerable  quantity  of  mineral  is 
to  be  removed,  the  hoisting  is  performed  by  a  steam  engine.  The 
principle  is  in  these  coses  the  same,  but  as  it  is  the  object  to  hoist 
the  largest  quantity  of  mineral  in  a  certmn  time,  more  attention  is 
paid  to  perfect  the  machinery,  so  as  to  carry  on  the  operation  with 
dispatch.  The  power  of  an  engine  for  drawing  up  minerals  must 
be  made  proportionate  to  the  vertical  depth  of  the  shaft  and  the 
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quantity  of  mineral  raised.  One-horse  power  of  the  engine  may 
lift  12,000  pounds  one  foot  in  one  minute,  after  subtracting  the 
friction  in  machinery,  and  in  ropes  or  chains.  The  imit  of  power 
of  a  steam  engine  is  not  always  a  safe  guide,  for  some  manufac- 
turers are  inclined  to  overrate  the  power  of  their  engines ;  and  it 
may  be  advisable  to  depend  in  these  cases  more  on  the  capacity 
of  the  boiler  than  on  that  of  the  engine ;  the  latter  of  course  must 
be  in  proportion  to  the  boiler.  One  square  foot  of  boiler  surface 
exposed  to  the  influence  of  the  fire  (whereby  flues  are  calculated 
only  half  their  surface),  will  produce  sufficient  steam  for  raising 
1,000  pounds  one  foot  high  in  one  minute.  In  a  vertical  shaft;, 
or  in  an  inclined  shaft;,  the  platforms  may  move  with  a  velocity 
of  10  or  12  feet  per  second.  K  we  take  these  data  it  is  easy  to 
find  how  much  labor  may  be  performed  by  the  engine;  how  wide 
a  shaft  is  to  be,  for  a  certain  quantity  of  mineral  and  water  to  be 
raised ;  and  with  what  velocity  this  can  be  accomplished.  The 
time  used  for  the  removal  of  the  mineral  from  the  platforms  must 
be  taken  into  account  in  making  such  calculations;  and  as  the  loss 
of  time  caused  by  these  removals  is  a  very  important  item,  the 
means  by  which  this  removal  is  eflfected,  are  therefore,  to  be  con- 
sidered before  concluding  on  a  plan  of  machinery.  Wagons 
which  may  be  readily  shoved  on  the  platforms,  and  also  readily 
removed,  are  the  most  perfect  machines  for  facilitating  the  un- 
loading of  the  platforms.  Baskets,  kibbels,  or  what  is  still  worse, 
the  use  of  kibbels  without  platforms,  are  instruments  not  at  all 
calculated  for  mines  in  our  country.  Casks  which  are  used  for 
drawing  water  consume  much  time  in  being  emptied  by  a  small 
valve,  and  are  not  well  calculated  to  facilitate  the  raising  of  water. 
It  is  necessary  to  lose  as  little  time  in  reversing  the  motion  of  the 
hoisting  power  as  possible ;  loaded  wagons  should  be  pushed  off 
by  the  empty  wagon,  and  the  water-cask  emptied  while  the 
horses  are  turned,  or  the  engine  reversed. 

The  engines,  and  the  other  means  by  which  the  platforms  are 
hoisted  are  of  various  forms ;  in  the  main,  however,  they  are  simi- 
lar, that  is,  a  hoisting  engine  is  always  simple  and  compact,  so 
as  to  be  easily  reversed  and  work  equally  perfect  both  ways. 
For  these  reasons  high-pressure  engines  working  full  steam,  and 
with  a  horizontal  cylinder,  are  most  generally  applied,  and  in  &iCt 
are  the  most  useful.  In  fig.  46  we  have  shown  an  arrangement 
which  is  frequently  applied  with  or  without  modifications.  The 
fly-wheel  is  made  smaller  in  diameter  than  is  usual,  and  the 


en^ne  vitli  a  short  stroke  so  aa  to  cause  many  revolutions  in  a 
certain  time.  The  fly-wheel  shaft  is  short  and  strong,  to  resist  the 
effect  of  reversions  with  security  to  its  parts.     The  pinion,  which 


irorks  in  a  lai^  cog-wheel,  and  is  fiistened  to  the  rope-barrel,  or 
drum,  is  small  in  diameter  and  provided  with  strong  cogs.  One 
of  the  most  important  objects  in  these  engines  is  the  machinery 
for  reversing;  it  must  be  quick-acting,  and  infallible.  The  means 
by  which  these  reversions  are  accomplished  are  generally  known 
to  engiaeers,  and  there  is  no  necessity  of  referring  to  any  par- 
ticular mode  of  doing  them.  The  rope-barrel  or  drum,  the  form 
of  which  we  shall  mention  h^reaAer,  must  be  provided  with  a 
good  axle  of  wrought-iron,  cast-iron  arms,  and  wooden  covering, 
the  latter  when  made  of  iron  is  rather  severe  on  the  ropes.  A 
Btrong  in&llible  brake  at  the  rope-barrel  is  necessary  in  order  to 
arrest  the  ascending  load  in  case  any  thing  goes  wrong  at  the  en- 
gine. The  most  common,  and  the  safest  brake  is  that  represented 
in  fig.  47.    The  lever  A  is  bstened  to  a  flexible  belt  of  wrought- 


iron,  which  runs  on  a  cast-iron  pulley,  and  in  fact  surrounds  it ; 
on  pressing  this  lever  down,  which  is  greatly  assisted  by  its  own 
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weight,  the  iron  strap  attaches  itself  closely  to  the  pulley,  and 
will  arrest  its  motion.  The  pulley  is  firmly  fastened  to  the  cir- 
cumference of  the  drum,  and  is  in  the  middle  of  the  length  of  the 
drum  in  case  two  ropes  are  used  in  hoisting.  In  some  instances 
the  brake  is  applied  to  the  circimiference  of  the  fly-wheel 
of  the  engine ;  this  is  an  imperfect  mode  of  working  it,  for  the 
cogs  which  connect  the  engine  with  the  drum  are  more  liable  to 
break  than  any  other  part  of  the  machinery ;  and  if  the  cogs  give 
way  there  is  no  method  of  arresting  the  load,  the  rapid  descent  of 
which  may  do  incalculable  damage  to  the  mine,  and  to  workmen ; 
in  this  instance  a  little  saving  may  cause  much  loss.  The  rope 
drum,  the  frame  in  which  it  rests,  and  the  brake  to  it,  must  b^ 
infallible,  and  of  extra  strength,  so  that,  if  all  other  things 
give  way,  it  will  be  safe. 

There  are  other  means  of  hoisting  besides  those  mentioned^ 
but  they  are  of  limited  use.  Among  them,  is  that  by  endless 
chains  or  ropes;  it  is  impracticable  in  our  mines.  Another 
method  is  that  applied  at  many  iron  smelting  furnaces,  where  the 
descent  of  a  cassoon,  filled  with  Vater,  raises  the  mineral  ftom 
below.  This  mode  of  hoisting  is  only  applicable  where  the  mine 
is  "  level  free,"  that  is,  kept  dry  by  the  natural  drain  of  a  level.  It 
is  slow  in  operation,  and  in  this  case  a  better  effect  of  the  water 
may  be  derived  from  a  water-wheel  erected  in  the  mine.  The 
cassoons  are  filled  at  the  top  of  the  pit,  and  are  emptied  by  a 
self-acting  valve  at  the  level  which  drains  off  the  water.  In  case 
the  pit  from  which  the  minerals  are  hoisted  is  deeper  than  the 
draining  level,  the  drum  of  the  hoisting  rope  is  made  larger  than 
that  of  the  cassoon,  so  that  the  water  descends  slower  than  the 
mineral  ascends.  By  these  means,  more  effect  may  be  obtained 
from  the  descending  water. 

In  all  cases,  the  mineral  should  be  loaded  in  a  wagon  or  a 
cart,  at  the  stall  of  the  miner,  which  should  be  pushed  on  the  pla^ 
form  of  the  hoisting  apparatus,  and  ascend,  be  taken  off  the 
platform  and  emptied,  while  an  empty  wagon  is  pushed  on 
the  platform.  Shovelling,  and  the  transportation  of  small 
loads,  cause  too  much  labor  to  be  profitable  in  our  mines. 
All  that  labor,  which  possibly  can  be  done  by  steam,  water  or 
animal  power,  should  be  so  done  as  to  employ  few  men.  Hauling 
and  hoisting  are  some  of  the  instances  in  which  ingenuity  may 
succeed  in  saving  expenses.  It  is  therefore  advisable  to  make 
straight  drifts,  in  case  hauling  is  to  bo  done,  so  that  the  power  of 
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the  engine  may  b^e  applied  for  hauling  cars  on  such  levels.  It 
may  be  sometimes  advantageous  to  enter  a  mine  by  an  inclined 
shaft,  in  order  to  reach  the  centre,  which  could  not  be  accom- 
plished by  a  vertical  shaft,  and  by  that  means  apply  the  power  of 
the  engine  to  a  longer  distance  than  otherwise  could  be  done. 

Hopes  and  Ohains. — Our  mines  are  not  commonly  deep ;  we 
have  few  which  penetrate  more  than  300  feet  from  the  surface. 
TVe  find,  therefore,  in  most  cases,  hemp  ropes  employed  for 
hoisting  and  transport.  In  a  few  instances  we  see  chains  or  iron 
cables  used,  and  in  some  mines  wire-ropes.  The  kind  of  rope 
which  is  employed,  and  its  strength,  determines  its  durability 
and  safety,  and  it  is  in  so  far  an  object  to  the  miner  to  know 
the  best  means  by  which  to  hoist  or  transport  minerals.  Chains 
have  been  usied,  but  they  are  found  unsafe,  heavy  and  expen- 
sive, and  are  most  generally  abandoned.  The  question  is  now 
between  iron  wire-rope  and  hemp-rope.  In  general,  one  pound 
of  wire-rope  is  equal  in  strength  to  one  pound  of  good  hemp- 
rope;  it  is  in  most  cases  three  times  as  strong,  but  tliere  is 
no  necessity  of  claiming  more  than  pound  for  pound.  One  pound 
of  hemp-rope  will  cost  from  15  to  20  cents,  and  one  pound  of 
wire-rope  from  12  to  16  cents,  here  is  therefore  the  advantage  in 
&vor  of  the  wire-rope.  Hemp-rope  is  very  unequal  in  quality ; 
lopes  of  one  and  the  same  size  may  be,  the  one  twice  &s  strong 
as  the  other.  This  cannot  happen  in  wire-ropes ;  the  one  quaUty 
of  wire  may  be  inferior  in  strength  to  another,  but  there  cannot 
be  so  much  fluctuation  as  is  frequently  found  between  hemp- 
ropes.  There  is  another  advantage  of  the  wire-rope.  Hemp- 
ropes  are  heavy,  particularly  when  working  in  water  and  mud ; 
they  require  more  room  than  a  wire-rope,  and  of  course  the  ma- 
chinery, particularly  the  drum,  must  be  more  capacious.  As  re- 
gards durability,  we  may  state,  tliat  generally  speaking  a  wire- 
lope  will  outlast  six  hemp-ropes,  under  common  circumstances ; 
but  there  are  cases  where  the  hemp-rope  is  superior  in  this  respect 
to  the  wire-rope.  In  old  coal-mines,  or  mines  in  which  pyrites 
is  decomposed,  a  large  quantity  of  sulphuric  acid  is  produced, 
which  mingles  Avith  the  water;  this  sulphuric  acid  is  generally 
combined  with  some  solid  matter,  such  as  clay  or  oxide  of  iron, 
and  forms  with  these  basic  salts.  These  combinations  of  the  acid 
do  not  hinder  its  corrosive  action  on  iron.  The  acid  will  at- 
tack iron  just  as  well  as  if  it  was  entirely  free  to  operate.  Iron 
is  thus  rapidly  corroded  in  coming  in  contact  with  such  water, 
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and  in  all  cases  where  the  waters  of  a  mine  are  sour,  the  applica- 
tiou  of  wire-ropes  is  not  profitable,  when  the  rope  is  to  come  in 
contact  with  that  water.  In  all  other  instances  wire-ropes  are 
more  durable  than  hemp.  When  hemp-ropes  are  found  prefera- 
ble they  should  be  used  in  the  form  of  flat  belts ;  these  are  manu- 
factured by  laying  two,  three  or  more,  left  and  right  round  ropes 
side  by  side,  and  holding  them  together  by  twine.  These  flat 
belts  do  not  untwist,  and  are  for  these  reasons  more  durable 
than  round  ropes.  In  the  appendix  we  have  furnished  some 
tables  showing  the  relative  strength  of  chains,  wire  and  hemp 
ropes. 

The  drums  upon  which  ropes  are  wound  are  most  generally 
covered  with  wood,  and  there  is  no  doubt  wood  is  less  severe  on 
either  a  hemp  or  a  wire  rope,  than  metal.  In  some  instances, 
cast-iron  drums  are  applied,  in  which  a  shallow  groove,  in  form 
of  a  screw  thread,  is  moulded,  into  which  the  rope  is  fitted.  The 
latter  plan  is  followed  at  the  inclined  planes  of  the  Morris  Canal, 
N.  J. ;  tlie  3  inch  diameter  wire-rope  winds  upon  a  cast-iron  drum 
of  10  feet  diameter.  In  deep  pits  and  long  inclined  planes,  the 
drums  should  be  tapered,  so  as  to  neutralize  the  gravity  of  the 
ropes  in  the  pit.  When  flat  belts  are  used  instead  of  round  ropes, 
the  belt  may  wind  one  circumference  upon  the  other;  the  drum 
assumes  then  the  simple  form  of  a  flat  pulley  with  high  flanges. 
Wire-ropes  do  not  occupy  so  much  space  in  winding  upon  the 
drum  as  hemp-ropes ;  and  for  this  reason,  the  machinery  may 
be  more  compact.  In  some  instances,  the  rope  is  only  slung  aroimd 
a  grooved  pulley,  and  by  the  friction  caused  in  the  groove  the  rope 
adheres  and  lifts  the  load.  This  mode  of  winding  and  unwind- 
ing the  rope  is  practised  on  inclined  planes,  as  remarked  in  former 
pages.  It  is  severe  on  the  rope,  for  it  acts  at  an  acute  angle, 
which  causes  the  rope  to  be  strongly  compressed,  and  in  most 
cases  additional  tension  pulleys  are  needed  to  make  the  rope  ad- 
here. Wire-ropes  used  in  this  manner  will  not  adhere  so  strong- 
ly to  a  grooved  pulley  as  to  lift  the  cars  without  artificial  tension. 
This  latter  may  be  accomplished  in  the  manner  represented  in  fig. 
48.  The  rope  advancing  in  the  direction  of  the  arrows,  is  slung 
around  the  large  drum  or  flat  pulley ;  it  is  then  led  upon  the 
small  pulley,  around  this,  on  the  large  pulley  again ;  and  may 
now  be  led  off  the  drum ;  or  the  process  may  be  repeated  once 
more ;  and,  in  fact,  \mtil  the  required  friction  of  the  rope  is  pro- 
duced.   The  axis  of  the  small  or  loose  pulley  is  inclined  to  the 
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of  the  large  pulley,  and  when  the  rope  leaves  the  small  pul- 
ley, the  latter  directs  it  one  thickness  farther,  so  that  no  friction 
of  the  rope  may  be  caused.    In  all  instances  where  wire-ropes 
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are  used,  the  pulley  should  be  at  least  of  so  large  a  diameter, 
that  when  the  iron  is  bent  around  it,  no  permanent  bend  in  the 
iron  is  produced ;  the  elasticity  of  the  material  must  neyer  be 
taxed  too  high,  if  we  expect  durability. 

Descent  and  Ascent  of  the  Workmen, — This  subject  is  frequently 
less  attended  to  than  it  deserves.  Men  have  only  a  certain  quan- 
tity of  power  at  their  disposal ;  when  that  power  is  exhausted  their 
work  must  necessarily  cease,  or  be  imperfect.  Working  in  a  mine 
causes  exhaustion  of  strength  sooner  than  working  in  the  open 
air ;  and  men  should  not  work  longer  in  a  mine  than  eight  hours 
at  a  time :  this  refers  particularly  to  damp  mines,  and  those  in 
which  the  air  does  not  circulate  freely.  The  common  method  of 
descending  a  shaft  is  by  means  of  ladders ;  this  is  tedious,  and  a 
man's  power  is  ahnost  spent  when  he  descends  or  ascends  four 
hundred  or  five  hundred  feet.  In  deeper  mines,  the  exhaustion 
of  power  is  still  greater,  and  we  should  not  expect  much  work 
from  a  man  who  is  over-exerted  before  he  reaches  the  place  of 
his  labor.  In  other  instances,  flights  of  stairs  are  provided,  on 
which  the  labor  of  ascent  and  descent  is  less  tedious,  but  is  equal- 
ly difficult  Our  mines  -are  not  generally  d^ep,  but  those  of 
800  and  400  feet  in  depth  reqxiire  some  exertion  on  the  part  of  the 
workmen  to  enter  and  leave  the  mine.  This  operation  is  fre- 
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qwntlj  peribnned  by  the  vorkmen  vbo  step  on  the  platibnn, 
or  in  the  bnclietB,  and  are  thus  hoisted  or  Bunk  bj  the  en- 
gine. This  is  dangerous ;  and  a  man  who  deaies  to  save  bia 
life  or  limbs  is  not  inclined  to  make  use  of  these  means; 
chains  and  ropes  may  and  will  break,  or  a  bucket  or  platform  is 
often  disturbed  by  the  guides,  or  by  the  timber  or  rough  walls  of 
the  shaft ;  and  in  all  these  instances,  the  unfortunate  laborer  is 
precipitated  to  the  bottom  of  the  pit,  injured,  perhaps  in  the  aligbt- 
est  case,  for  his  lifetime.  For  ascent  and  descent  no  apparatus 
is  more  suitable  in  our  country  than  that  vhich  is  contrived  in 


some  of  the  German  mines,  and  is  nov  also  employed  in  some  of 
Uie  En^uh  mines.    It  is  represented  in  fig.  49,  vhicdi  shows  two 
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d]fii»«iit  modes.  In  all  cases,  two  rods  descend  the  whole  length 
of  the  shaft,  which  may  be  of  wood  or  iron ;  the  first  material^ 
however,  appears  to  be  preferable.  In  order  to  secure  the  safety 
of  the  men,  in  case  any  part  of  the  machinery  should  break,  ba- 
liemce  pulleys  are  fastened  at  certain  distances,  over  which  a  chain 
is  slung  which  balances  the  weight  of  that  part  of  the  rod  below 
the  pulley,  and  in  case  one  side  of  the  machine  is  injured  by 
breiJcage,  it  will  be  moved  by  the  other  side,  and  no  interruption 
of  the  regular  motion  will  happen;  the  men  are  therefore  perfect- 
ly safe.  These  balance  pulleys  may  be  in  distances  of  a  timber's 
length,  say  jfrom  60  to  60  feet.  To  the  rods  platforms  are  fes- 
tened,  so  that  one  or  two  men  may  stand  on  each :  these  platforms 
are  firom  10  to  20  feet  apart,  to  which  the  lift  of  the  rod  corresponds. 
The  opposite  platforms  meet  at  the  dead  points  of  the  up  and 
down  motion,  and  at  this  culmination  the  men  step  from  one  plat- 
form over  to  the  other,  and  by  this  motion  firom  one  side  to.  the 
opposite  they  may  either  ascend  or  descend,  as  they  choose.  The 
meeting  of  the  platforms  being  at  the  dead  points  of  the  cranks, 
there  is  a  short  rest  in  the  motion  of  the  rods,  and  the  change  of 
place  may  be  accomplished  with  perfect  safety  by  the  men.  The 
motion  of  these  rods  may  be  accomplished  by  means  of  cog- 
wheels, as  is  shown  in  one  part  of  the  figure,  or  by  means  of 
cranks  or  levers,  as  in  the  other ;  or  by  water  directly,  as  shown 
in  the  third  figure. 

The  rods  may  in  the  mean  time  serve  as  pump-rods,  driving 
a  set  of  pumps  at  the  bottom  of  the  pit,  or  a  system  of  pumps  at 
various  heights.  They  may  also  be  employed  for  forcing  fresh 
air  into  the  mine,  and  extracting  foid  air.  In  case  iron-rods  are 
used,  two  rods  are  necessary  for  each  flight  of  platforms ;  the 
latter  is  then  &stened  between  the  two  rod& 
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Ventilatwn  of  Mines, — ^The  interior  of  a  mine  is  never  pro- 
vided with  air  as  fresh  and  good  for  respiration,  as  that  above 
the  surfSEUse  of  the  earth.  When  men  penetrate  the  earth  by  nar- 
row, and  particularly  newly-made  passages,  their  own  respira- 
tion, added  to  that  of  the  combustion  of  candles  or  lamps,  the 
Hie  of  gunpowder,  and  the    decomposition  of  minerals,  very 


100  HETALLUBGY. 

soon  vitiates  the  air  in  these  subterranean  vaults.  There  are 
a  multitude  of  causes  which  impair  the  action  of  the  lungSi 
and  by  that  means  the  vital  action  of  the  whole  body.  If 
we  expect  a  man  to  work,  we  must  supply  him  by  all 
means  with  the  necessary  elements  of  life ;  and  as  fresh  air  is 
as  much  a  requisite  as  food,  we  must  furnish  the  latter  by  artifi- 
cial means  in  case  the  natural  forces  are  inadequate  for  that 
supply.  Bocks  that  are  naturally  dry,  such  as  volcanic  and 
primitive  rocks,  which  are  liable  to  decomposition,  do  not  often 
interfere  with  the  health  of  the  miner ;  but  minerals  which  de» 
compose  by  friction  or  on  being  crushed — such  as  sulphurets, 
pyrites,  mineral  coal,  decaying  wood  and  timber ;  fissures  which 
liberate  carbonic  acid,  hydrogen,  or  sulphuretted  waters;  the 
penetration  of  surface  water,  carrying  along  with  it  decomposed 
animal  and  vegetable  matter — all  these  causes  vitiate  the  inclosed 
air,  and  hence  the  necessity  of  maintaining  in  mines  a  continual 
circulation,  which  may  renew  the  atmosphere  around  the  minera 
The  means  by  which  this  object  is  accomplished  constitutes  the 
art  of  ventilating  mines. 

Natural  Means. — The  means  by  which  the  ventilation  of  a 
mine  is  accomplished,  may  be  divided  into  two  classes — natural 
means,  and  artificial  means — ^both  are,  however,  more  or  less  arti- 
ficial ;  the  first  employs  no  machinery,  while  the  latter  causes  the 
motion  of  air  by  some  artificial  power,  either  water,  or  steam,  or 
muscular  power.  The  temperature  of  the  air  in  a  mine  surpasses 
always  the  mean  temperature  of  the  place  at  the  surface ;  hence 
it  is  lighter  in  winter,  and  heavier  in  summer,  than  the  air  of  the 
atmosphere.  If  a  mine  is  provided  with  two  shafts,  or  two  en- 
trances, and  both  are  at  a  level,  there  will  always  be  a  slow 
motion  in  the  air  of  the  mine,  caused  by  a  tendency  of  the  at- 
mosphere to  enter  the  mine  when  a  difference  of  temperature 
exists  between  it  and  the  mine.  This  motion  is  even  perceptible 
if  the  air  inside  and  outside  of  the  mine  is  of  a  different  composi- 
tion ;  but  it  is  so  faint  as  to  be  of  little  service  in  ventilation.  If 
the  temperature  and  composition  are  similar  inside  and  outside,  no 
motion  can  ensue ;  this  happens  to  be  the  case  in  the  autumn  and 
q)ring  seasons,  and  in  stormy  weather.  When  the  air  is  warmer 
outside  than  inside,  no  motion  of  air  exists  in  the  mine ;  this  is  the 
case  in  summer,  and  in  warm  climates.  For  these  reasons,  pre- 
paratory works,  which  cannot  be  ventilated,  should  be  done  in 
the  winter  season;  the  air  of  the  mine  is  then  lighter  than  thai 
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of  the  atmosphere,  and  a  faint  circulation,  sufficienrf  fd^  a  few 
hands,  is  produced  by  this  cause.    In  most  of  these  uqit^nces, 
the  circulation  is  insufficient  for  a  number  of  workmen,*pafl^cu- 
larly  where  the  quality  of  air  is  impaired  by  causes  existing^  in 
the  mine  itself  and  we  are  compelled  to  employ  artificial  meaiis' 
in  order  to  secure  circulation.    When  the  mine  presents  \wo. 
openings  at  different  levels,  the  air  will  flow  out  by  the  mof^- 
elevated  in  winter,  and  by  the  lowest  in  summer.    The  greater' 
difference  there  is  in  the  height  of  these  openings,  the  more  rapid 
the  motion  of  the  air  will  be.    The  same  principle  is  acting  here 
which  produces  the  draft  in  chimneys.    By  these  means  we  may 
succeed  in  supplying  fresh  air  to  all  parts  of  the  mine.    The 
positions  of  the  two  openings  of  a  mine  must  be  so  located  that 
the  greatest  difference  in  their  level  will  be  obtained,  and  that  they 
may  be  at  the  opposite  extremities  of  the  mineral  deposit.    We 
have  endeavored  to  show  this  in  previous  pages.     When  no 
such  means  as  different  heights  of  openings,  or  even  a  second 
opening,  can  be  obtained,  we  may  produce  circulation  to  the 
ftrthest  end  of  a  mine  by  a  spacious  drift.    The  drift;,  fig.  50, 


IB  made  high,  so  that  the  lower  part  is  smaller  than  the  upper 
part;  both  are  divided  by  a  board  partition.  The  fresh  air, 
which  enters  into  the  lower  part,  is  conducted  to  the  work-rooms ; 
and  through  these  into  the  upper  part  of  the  drift,  in  which  it 
returns,  and  is  drawn  out  either  by  a  chimney  or  a  shaft.  The 
difference  of  temperature  in  the  two  compartments  of  the  drift  is 
sufficient  to  produce  circulation ;  and  when  the  partition  is  tight, 
and  the  mouth  of  the  upper  part  elevated  by  a  chimney,  it  pro- 
duces even  a  strong  draft.  In  these  instances,  the  waters  of  a 
mine  are  of  great  service  for  ventilation,  particularly  if  these 
waters  are  in  motion,  dripping  down  the  rocks,  or  falling  over 
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precipio69'BO  as  to  form  spray.  The  vapors  thus  prodnoed 
lighter,  than  air  and  ascend  rapidly,  forcing  air  along  in  their 
moti^llk:«  The  water  being  thus  cooled  by  evaporation,  cools  in 
its:nlofion  the  rock  over  which  it  flows,  and  also  the  air  which 
.jnay  come  in  contact  with  the  rock.  The  mine  is  thus  cooled, 
an'd  warm  air  may  enter  freely  in  the  lower  part  of  the  drift ;  the 
/VJipper  part  will  be  always  more  warm  and  the  air  more  diluted 

.  "i/'lhan  in  either  the  mine,  the  drift,  or  the  atmosphere. 

' '•  All  these  natural  systems  of  ventilation  are  frequently  dis- 
turbed by  atmospheric  influence — ^the  changes  indicated  by  the 
barometer  afifect  the  mine ;  cool  days  in  summer,  and  warm  days 
in  winter,  are  often  the  cause  of  suspending  the  work  for  want  of 
air.  Stormy  weather  always  disturbs  such  natural  ventilation. 
In  all  cases  where  two  openings  at  the  extremes  of  the  mine  can 
be  procured,  it  is  the  preferable  plan  ;  and  if  the  difierence  of 
level  is  not  sufficient  to  produce  the  required  draft,  a  chinmey 
may  be  erected  over  one  of  the  pits  in  order  to  increase  the  dif- 
ference in  leveL 

Artificial  means, — ^When  natural  means  fail  to  be  sufficient  for 
the  circulation  of  air  in  a  mine,  it  must  be  produced  by  artificial 
means.  The  most  simple  plan  is  the  division  of  the  drift,  which 
is  in  small  mines  ofl«n  more  or  less  complicated  in  form,  but  in 
principle  always  the  same.  When  a  shcdl  is  used  instead  of  a 
drift,  it  is  divided  by  a  partition  into  two  compartments,  one 
of  which  is  provided  with  a  tower  and  wind-tube,  to  carry  fresh 
air  down.  Such  arrangements  are,  however,  imperfect,  because 
the  mine  is  thus  compelled  to  depend  on  the  currents  in  the  atmos- 
phere for  a  supply  of  air.  The  more  common  method  is  to  lead  a 
horizontal  channel  from  one  olPthe  compartments  of  the  shaft,  so  far 
as  is  necessary  to  make  the  erection  of  a  chimney  safe.  In  a  divided 
shaft  no  such  difference  of  temperature  is  produced  as  that  in  a 
divided  drift,  and  the  mere  erection  of  a  chimney  over  one  part  of 
the  shaft,  would  not  cause  much  circulation  of  air.  In  this  in- 
stance a  sufficient  supply  can  hardly  be  effected  without  an 
artificial  draft  in  the  chimney,  which  is  made  by  fire,  or  other 
means.  Then  the  arrangement  assumes  a  form  as  represented  in 
fig.  61.  In  the  chimney  a  fire  is  kept  at  those  times  when  the 
natural  circulation  of  the  mine  is  not  sufficient  to  supply  the  re- 
quired amount  of  air ;  and  if  a  large  quantity  of  air  is  required^ 
a  constant  fire  must  be  kept  up.  In  some  instances,  the  foul  air 
from  the  mine  is  led  through  the  ftimace,  so  as  to  bum  its  com- 
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Imslible  puis,  bat  in  most  cases  the  furoace  is  separated  &om 
tbe  ohanoel  which  condacts  the  air  &om  the  mine  to  the  chim- 
ney.   In  all  cases  vhere  two  openings  lead  to  the  mine,  it  may- 


be a  divided  shaft,  or  a  second  shaft.  The  draft  in  the  mme  is 
increased  by  the  erection  of  a  chimney  and  the  addition  of  a 
fhmace  and  fire.  In  some  instances  the  fire  is  kindled  in  the 
nine  itseli^  and  the  upcast  shaft  receives  the  heat  This  is  a  bad 
step  when  the  shaft  is  not  properly  constructed  and  prepared  for 
the  purpose ;  the  smoke  and  foul  gas  instead  of  escaping  often  re- 
tnmiug  into  the  mine  and  causing  more  evil  than  good.  The  air  in 
being  passed  through  burning  wood  or  coal  is  converted,  in  great 
part,  into  oarbonic  acid ;  this  is  heavy,  and  when  cooled  in  its 
ascent  will  return  to  the  mine,  because  it  is  heavier  than  the  at- 
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mospherio  air.  Any  application  of  fire  in  a  mine,  irlieii 
necessarily  connected  with  the  operation  of  mining  itself  is  to  be 
avoided,  for  it  is  never  advantageous.  If  hot  steam,  or  hot  air 
could  be  conducted  into  an  upcast  shaft  in  pipes,  so  as  not  to 
change  the  composition  of  the  air  as  it  issues  from  the  mine,  or  if 
merely  heat  is  added  to  it,  so  as  to  make  it  lighter  and  have  more 
tendency  to  ascend,  this  would  be  a  better  plan  than  either  the 
application  of  fire  above  ground  or  in  the  mine.  At  most  shafts 
high  pressure  steam  engines  are  in  operation,  and  were  the  exhaust- 
ed steam  conducted  through  pipes  down  the  shaft,  so  as  to  heat 
the  ascending  air,  the  current  in  the  mine  would  be  greatly  aug- 
mented. When  the  pipe  leading  the  steam  down  is  so  long  as  to 
condense  all  the  steam  made  by  the  engine,  and  its  lower  end 
reaches  at  least  80  or.  40  feet  downwards  and  terminates  in  ft 
tub  of  water,  so  as  to  keep  the  air  out  of  the  exhaust  pipe,  a  coih 
densation  of  the  steam  will  be  produced,  which  enhances  the 
labor  of  the  engine,  saves  fuel  at  the  boiler,  and  is  a  benefit  to 
the  mine. 

When  the  heat  is  not  sufficient  to  produce  the  required  drafts 
machines  are  used  either  to  force  fresh  air  into  the  mine,  or  ex- 
tract the  foul  air  from  it.  Both  systems  show  peculiar  advantages 
in  their  application.  For  forcing  air  into  a  mine,  the  common 
centrifugal  blower  is  undoubtedly  the  most  preferable  machine  of 
those  in  use ;  and  as  the  form  of  these  blowers  vary,  we  present 
in  the  annexed  figure  62,  one  of  the  most  perfect  models  of  this 
machine.  The  illustration  shows  two  sections  vertically  through 
the  machine.  The  casing  to  the  revolving  vanes  is  cast-iron, 
which  is  best  shown  in  fig.  58 ;  it  is  screwed  together,  and  con- 
sists of  two  parts  or  shells.  The  axle,  made  of  steel,  rests  at  both 
ends  on  gudgeons,  and  pans  of  steel  or  anti-friction  metal  At 
one  end  the  axle  carries  a  pulley  of  from  4  to  6  inches  in  diameter, 
on  which  the  strap  runs  which  drives  the  vanea.  Upon  the  mid- 
dle of  the  axle  a  wrought-iron  cross  is  fastened,  which  must  be  as 
light  as  possible,  and  of  imiform  weight  in  its  parts,  so  that,  when 
the  four  arms  are  of  equal  length  and  form,  the  axle  is  in  eveiy 
position  at  rest  when  turned  round  in  the  points  of  the  turning 
lathe.  To  these  four  arms,  four  wings,  blades  or  vanes,  as  they 
may  be  called,  are  fastened ;  these  are  a  little  curved,  and  their 
convex  sides  are  turned  in  the  direction  of  the  motion.  The 
blades  or  vanes  are  made  of  sheet  copper,  and  are  of  equal  weight 
and  size.    They  are  riveted  and  soldered  to  two  light  copper 
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Bbalk^  vbicli,  luving  the  diameter  of  &o  lai^^  oircum&reooe  of 
the  vaaea,  form  a  casing  iiuJosiiig  the  vanes,  arms  and  axle^ 
These  parts  compose  one  piece.  The  cast-iron  caung  hsa  two 
oentral  opeoings,  one  oo  each  side,  into  which  the  aii  enters. 


The  air  is  then  whirled  round  hj  the  vanes,  and  a  centrifiigal 
finee  imparted  which  causes  it  to  escape  with  pressure  at  the 
periphery  of  the  casing.  The  chief  loss  of  power  in  a  common 
fiu-blower  is  between  the  vanea  and  the  casing;  for  this  reason, 
a  second  casing  is  here  applied  and  fastened  air-tight  to  the  vanea. 
This  casing,  of  thin  sheet  copper,  revolves  with  the  axle  and  the 
vanea,  and  its  centre  is  provided  with  openings  as  large  as  those 
in  the  exterior  cast-iron  casing.  If  both  openings  are  well  turned, 
so  as  to  mn  doeel;,  not  much  air  can  escape  at  these  oentree.  A 
peifectl;  close  fitting  joint  cannot  be  made,  but  it  is  easy  to  make 
one  here  more  perfect  than  at  the  extremity  of  the  vanes.  The 
dimenmons  of  these  machines  vary  according  to  the  qoantity  of 
«r  required.  A  blower  of  3  feet  diameter,  with  square  blades  of 
6  inches,  and  making  700  revolutions,  will  produce  about  800  or 
900  cubic  feet  of  air  per  minute.  The  quantity  of  air  furnished 
hy  a  fan  depends  very  much  on  the  capacity  of  the  discharge.  If 
the  latter  is  smalt,  not  much  air  is  furnished  but  the  pressure  is 
stronger ;  and  on  the  contrary,  if  the  nozzle,  or  blow-pipe,  is 
larger  than  one  of  the  vanes,  little  pressure  but  much  air  is  pro- 
dooed.    In  all  cases,  the  opening  for  discharge  should  not  be 
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smaller  than  the  area  of  one  of  the  vanes.    If  it  is  much  smalkr, 
it  causes  a  loss  of  power  by  friction  but  no  loss  in  pressure. 

In  mines,  not  much  pressure  is  required  to  drive  the  air  through 
the  galleries  and  rooms ;  for  this  reason  the  above  fan  can  be  pro- 
vided with  large  openings  for  the  air,  and  also  distribute  it  freely 
as  it  arrives  at  the  periphery  of  the  vanes.  The  air  in  mines  is 
in  summer  generally  heavier  than  the  external  air,  and  in  winter 
lighter :  and  as  the  motion  of  the  air  is  produced  by  centrifogal 
force,  and  its  specific  gravity  is  an  important  item,  the  air  should 
be  as  heavy  as  possible,  in  order  to  obtain  the  greatest  effect  of 
the  machine.  It  is  therefore  advisable  to  force  the  air  into  the 
mine  in  summer,  and  suck  it  in  during  winter.  The  blower  should 
be  arranged  to  connect  the  centres,  or  openings,  either  with  the 
mine  or  with  the  atmosphere.  There  are  some  inconveniei^oes 
connected  with  the  above  described  fan  for  accomplishing  this  ob- 
ject ;  we  present,  therefore,  other  drawings  of  machines  which 
are  more  suitable  for  this  purpose.    In  fig.  54,  is  shown  the  ver- 
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tical  section  of  a  fan  which  may  be  laid  over  the  mouth  of  the  pit^ 
or  some  convenient  place  near  the  pit.  The  vanes  which  are  here 
fastened  to  a  round  bottom  or  shell,  throw  the  air  at  the  peri- 
phery directly  into  the  free  atmosphere,  or  into  a  channel  leading 
to  the  mine,  as  the  case  may  be.  In  order  to  prevent  leakage,  a 
collar  is  fastened  to  the  rim  of  the  wheel  at  its  lower  side,  and 
this  dips  into  a  circular  trough  of  water,  which  causes  a  perfectly 
air-tight  packing.  The  friction  of  the  collar  in  the  water  is  very 
small,  provided  it  is  perfectly  round  and  smooth.  In  fig.  56,  a 
section  of  this  fan-wheel  is  shown  which  indicates  the  form  of  the 
vanes,  and  the  size  of  the  rim  in  proportion  to  the  centre  and  the 
large  diameter.    This  machine  affords  a  large  passage  for  air. 


It  is  not  BO  veil  adapted  as  fig.  66  for  producing  pressure,  but 
evidently  superior  in  respect  to  ^roisbii^  quantity,  which  in  this 
oue  ia  of  more  importance  than  pressure. 


In  fig.  57,  we  represent  still  another  form  of  exhauster,  or  as 
it  may  be  called,  compresser  of  air.  It  is  also  a  cast-iron  cylinder, 
firmly  set  in  a  wall,  in  either  a  ^^^ 

vertical  or  a  horizontal  position. 
In  this  cylinder  an  axis  moves, 
which  is  in  the  axis  of  the  cylin- 
der, and  to  this  a  spiral  is  fasten- 
ed  which  is  made  of  sheet-cop- 
per. In  revolving  the  axis,  the 
screw  will  draw  air  into  the  cy- 
linder in  the  direction  of  its  pro-  , 
giessing  motion.  This  machine, 
when  placed  in  any  position, 
will  either  draw  the  air  from  the  pit,  or  force  fresh  air  into  it, 
merely  by  rotating  it  in  the  one  or  the  other  direction.  A  com- 
mon smoke-jack,  or  a  niachine  in  that  form,  may  be  used  for  the 
■ame  purpose ;  but  all  these  machines  never  fiimish  as  much  air, 
by  the  application  of  the  same  power,  as  the  above-mentioned 

Various  other  forms  of  machines  for  ventilating  mines  have 
been  proposed  and  are  in  use;  but  all  are  more  complicated 
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«ad  more  expenrave,  and  of  less  pnuiticBl  efEbct  than  thon 
above  mentioned.  We  abstain,  therefore,  fixnn  deecribiiig  any 
of  them.  Fans,  or  Archimedean  Bcrewa,  are  easily  constracted, 
easily  kept  in  repair,  and  a  small  horizontal  steam-engine  is 
readily  connected  with  them  for  putting  the  machine  in  motion. 
Where  water-power  is  at  command,  a  small  turbine  or  reaction- 
wheel,  which  titmishes  a  great  number  of  revolutions,  is  the  most 
conveuient  form  of  applying  it 

Diatnbutiim  of  Air  in  the  Mine. — ^The  form  and  size  of  the 
channels  through  which  the  air  passes  in  a  mine,  are  of  the  utmost 
importance  to  its  ventilation.  Most  of  the  accidents  which  h^h 
pen  are  more  generally  caused  by  imperfect  circulation  than  by 
want  of  &esh  air.  In  our  country  the  mines  generally  are  of  80 
recent  date,  and  so  high  above  the  water  levels,  as  to  cause  no 
serious  apprehensions  of  danger  firom  explosions;  the  gradual 
extension  of  our  mines,  however,  will  soon  bring  the  subject  to 


the  notice  of  the  public.  A  recent  explosion  in  a  Virginia  oo«l* 
mine,  whereby  eight  men  lost  their  lives,  is  an  indication  that 
our  mines  are  not  excepted  from  the  production  of  explosive  air. 
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Iq  fig.  68|  we  represent  the  mode  of  circulatmg  air  in  an  exten- 
aive  mine.  In  this  fig.,  B  represents  the  downcast  shafii  into 
which  the  firesh  air  enters.  It  is  made  to  circulate  all  over  the 
mine,  and  enter  the  upcast  shaft  afi;er  having  passed  throughout  the 
whole  extent  of  the  mine — ^the  workrooms,  and  those  dead  work-' 
ings  in  which  infiammable  gases  are  generated.  These  vitiated 
gases  aie  not  permitted  to  accumulate  in  abandoned  workings, 
and  spread  over  the  mine  on  a  favorable  opportunity.  By 
means  of  doors  the  current  is  directed  first  of  all  over  the  work- 
places, and  from  them  to  those  which  may  generate  explosive 
gas.  By  pursuing  the  track  of  the  arrows  we  find  that  the  work- 
men are  near  the  air-pit;  and  as  they  take  out  the  passages,  the 
air  is  made  to  course  first  near  their  work,  sweeping  along  the 
wall  fiuses  of  their  rooms,  and  is  thence  conducted  through  those 
passages  which  have  been  left  for  future  operations.  The  stop- 
page near  the  downcast  shaft  is  therefore  permanent ;  if  it  was 
removed  all  circulation  would  cease.  The  stoppage  between  the 
new  rooms  and  the  old  rooms  is  moved  with  the  advance  of  the 
men,  or  new  doors  are  put  in.  In  all  cases  the  air  must  circulate 
throughout  all  the  galleries  and  rooms,  so  that  no  dead  place  is 
omitted  and  no  partial  stagnation  can  happen,  which  inevitably 
will  produce  explosive  gas  when  it  mixes  with  firesh  air.  The 
permanent  stoppings  are  therefore  firmly  secured,  not  only  by 
wooden  doors,  which  may  happen  to  be  neglected,  but  are 
walled  up  with  stones  or  brick,  forming  a  permanent  solid  partition. 
When  these  main  stoppings  are  well  put  in  and  firmly  secured, 
they  afford  the  additional  advantage  of  security  to  the  workmen. 
If  an  explosion  happens  in  a  remote  part  of  the  mine,  the  men 
near  the  main  stoppages  are  either  not  affected  by  it,  or  are  at 
least  more  safe,  than  when  these  are  broken  by  the  force  of  the 
explosion.  The  principle  involved  in  these  arrangements,  is  to 
dilute  the  obnoxious  air  in  the  mine  so  much,  that  the  portion 
of  bad  air  is  never  suflBicient  to  injure  the  health  of  the  workmen. 
As  the  firesh  air  from  the  entrance,  or  downcast  pit,  is  first  dis- 
tributed to  the  workmen,  it  may  happen  that  under  certain  con- 
ditions of  the  atmosphere  a  large  quantity  of  bad  gas  is  produced, 
which,  if  it  is  in  a  coal-mine,  is  generally  inflammable  gas ;  and 
diose  men  whose  duty  it  is  to  watch  the  circulation,  should  be 
cautious  in  advancing  with  exposed  candles  to  the  old  workings. 
When  the  quantity  of  firedamp  in  a  coal-mine  increases  to  an 
unreasonable  degree,  which  is  indicated  by  the  fiame  of  the 
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candle,  it  is  adyisable  to  suspend  operations  until  sufficient  firesh 
air  has  been  forced  into  the  mine  to  dilute  the  dangerous  gaa 
Most  of  these  gases  are  generated  in  stormy  weather :  when  the 
barometer  is  sinking  a  larger  quantity  of  bad  air  is  liberated 
than  when  it  is  constant  or  rising.  Warm  air,  also,  is  more  pro- 
ductive of  noxious  gases  than  cold  air ;  for  this  reason,  a  mine  is  in 
better  condition  in  winter  than  in  summer.  In  all  cases  the 
coldest  air  should  be  introduced  into  the  mine,  if  there  is  an 
opportunity  for  it  Dry  air  is  of  more  service  than  damp  air;  it 
wUl  absorb  moisture  from  the  mine,  and  by  that  means  cool  the 
interior. 

Quantity  of  Air. — ^It  is  difficult  to  estimate  the  quantity  of 
fresh  air  required  to  ventilate  a  mine.  This  is  a  practical  opera* 
tion,  depending  entirely  on  the  extension  of  the  mine,  the  kind 
of  mineral,  and  the  form  of  the  pass^es.  In  all  cases,  it  is  of 
advantage  to  introduce  an  excess  of  fresh  air,  and  in  a  judidouB 
manner,  so  as  to  bring  it  to  every  part  of  the  mine.  In  winter 
seasons  there  is  a  natural  tendency  of  the  air  to  rise  fit>m  the 
pit's  mouth,  but  it  is  the  reverse  in  summer ;  and  as  the  air 
during  summer  is  more  rarefied  and  contains  more  moistoiei 
it  is  also  more  liable  to  produce  decomposition ;  particular  atten- 
tion is  required  at  these  times  to  frimish  a  sufficient  supply,  and 
if  an  excess  is  ever  needed  it  is  at  these  seasons,  and  when  the 
barometer  is  sinking.  A  mine  may  indicate  a  liberal  supply  of 
air,  both  at  the  workrooms  and  at  the  air-shaft,  but  it  does  not 
follow  from  this  that  it  is  safe.  If  the  fresh  air  does  not  penetrate 
the  old  rooms,  where  decomposition  of  mineral  is  going  on  and 
constantly  increasing  the  dangerous  gas,  it  will  break  forth  some 
time,  stop  the  circulation  entirely,  and  endanger  the  lives  of 
those  who  depend  on  the  access  of  fresh  air.  The  quantity  of 
fresh  air  introduced  into  a  mine  is  no  guaranty  of  its  safety ; 
it  is  the  manner  of  its  distribution  which  forms  the  essential 
condition.  There  may  be  ten  times  as  much  air  introduced 
into  a  mine  as  is  actually  necessary,  and  still  a  mine  may 
be  dangerous  for  want  of  fresh  air.  Moist  and  warm  air 
is  peculiarly  apt  to  decompose  minerals.  It  decomposes  sulphn- 
rets  most  readily ;  and,  when  the  temperature  of  a  mine  is  high, 
it  will  produce  sulphurous  acid ;  if  the  mine  ia  cool  it  forme 
chiefly  sulphuric  acid,  which  is  not  obnoxious,  and  is  readily  car- 
ried away  by  the  waters  of  the  mine.  Damp  air  is  more  quickly 
decomposed  than  dry  air ;  and  carbon,  sulphur,  hydrogen,  and  low* 
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a&dized  metals  will  absorb  its  oxygen,  and  impair  its  quality  for 
lespiiation.  A  less  quantity  of  dry  air  is  therefore  of  infinitely 
more  service  in  a  mine  than  a  large  quantity  of  damp  air.  The 
particle  of  one  kind  of  matter  readily  mix  with  those  of  another 
kmd  when  at  liberty  to  move ;  this  is  particularly  observable  in 
gases ;  when  therefore  air  is  introduced  into  a  mine,  the  quantity 
of  foreign  gas  which  may  be  absorbed  by  it,  will  chiefly  depend 
on  the  amount  of  air  brought  into  the  mine,  and  what  is  particu* 
larly  important,  on  the  manner  in  which  it  is  brought  in  contact 
with  the  gas  which  is  to  be  removed.  K  the  firesh  air  is  not 
brought  in  contact  with  the  obnoxious  gas,  it  will  not  absorb  it^ 
ot  at  least  very  slowly.  The  kind  of  gas  which  is  to  be  removed 
has  also  some  influence ;  if  the  affinity  is  great  between  it  and  the 
air,  a  larger  portion  of  the  first  is  absorbed  by  the  latter  than 
when  the  affinity  is  weak.  In  all  cases  there  is  sufficient  affi- 
nity to  remove  any  kind  of  gas  by  atmospheric  air ;  the  quantity 
required,  however,  may  be  more  or  less.  Carbonic  acid  mixes 
with  air  to  a  limited  extent ;  the  latter  when  in  motion  will  carry  it 
away.  Moist  air  wUl  absorb  more  carbonic  add  than  dry  air ;  if 
therefore  carbonic  acid  gas  is  to  be  removed  from  a  mine,  a 
small  quantity  but  a  strong  current  is  required  to  move  it 
Sulphurous  acid  gas  is  removed  under  the  same  conditions 
as  carbonic  add.  All  mines,  except  those  of  coal,  produce  heavy 
gases,  which  require  a  strong  draft  to  carry  them  away;  it 
18  therefore  advantageous  in  such  mines  to  limit  the  quantity  of 
fresh  air  to  the  smallest  amount,  and  keep  that  in  lively  motion. 
In  coal  mines  the  case  is  different,  the  bulk  of  the  gas  in  them 
is  carburetted  hydrogen ;  its  affinity  for  atmospheric  air  is  great^ 
but  it  requires  a  large  quantity  to  neutralize  its  bad  effects. 
When  atmospheric  air  is  mixed  with  hydrogen,  or  still  worse, 
carburetted  hydrogen,  to  a  certain  amount^  it  forms  an  explodve 
mixture ;  that  is,  if  a  spark  of  fire  touches  one  partide  of  that 
air  it  will  ignite  it,  and  the  heat  generated  is  sufficient  to  kindle 
the  next  particle,  which  spreads  so  rapidly  as  to  ignite  large 
volumes  of  such  gas  in  an  instant  The  product  of  this  combus- 
tion is  an  intensely  hot  vapor  and  carbonic  acid  gas,  which  in  its 
tendency  to  expand  will  overthrow  and  destroy  every  obstade 
in  its  progress.  In  coal  mines  sufficient  fresh  air  must  be  intro- 
duced to  prevent  the  formation  of  the  explosive  mixture.  While 
the  atoms  of  the  carburetted  hydrogen  are  so  &r  apart  as  not  to 
ignite  each  other,  there  is  no  danger  of  an  explosion.    In  such 
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cafleaalargequantitjof  air  is  required  to  cany  off  the  inflaan- 
mable  gases.  It  is  not  so  much  needed  for  respiration,  as  men 
may  live  and  candles  bum  in  an  explosive  mixture  of  gas.  It 
is,  therefore,  not  possible  to  determine  the  amount  of  air  which 
may  be  required  in  a  mine  previous  to  working  it ;  i^  while  in 
operation,  we  find  the  atmospheric  air  is  deficient,  we  introduce 
more  by  some  means. 

Old  mines  are  most  liable  to  generate  large  quantities  of 
bad  air ;  it  is  therefore  advisable  to  shut  up  those  parts 
which  are  not  in  use.  An  imperfect  separation  from  the  work- 
ings by  means  of  wooden  doors,  or  partitions,  by  dry  walls,  or 
open  piles  of  rubbish,  is  a  bad  practice.  It  may  be  preferable 
to  leave  the  works  altogether  open,  and  continue  the  supea> 
vision  and  ventilation  of  them.  In  most  instances  it  may  be  ex- 
pensive to  close  up  old  works ;  it  is,  however,  necessary.  There 
is  no  safety  in  an  old  coal  mine,  with  dead  workings,  because  tiie 
stagnant  gases  pervade  the  whole  of  the  abandoned  spaces,  and 
when  the  pressure  of  the  atmosphere  diminishes,  which  is  indica- 
ted by  the  sinking  barometer,  it  will  rush  forth  and  cause  destroo- 
tion.  It  is  therefore  plain,  that  all  old  mines  must  be  hermeti- 
cally sealed  by  strong  walls,  or  kept  open  entirely,  and  be  pro- 
perly ventilated. 

Fqtw,  and  Dimensions  of  Air-Passages.  —  This  is  a  sub- 
ject frequently  neglected  by  miners.  Men  who  do  not  refleci^: 
will  open  an  air  passage,  little  thinking  that  it  may  be  either 
too  small  or  too  large.  A  passage  is  too  small  if  it  does  not 
admit  sufficient  air  to  purify  that  part  of  the  mine  which  it  is 
to  supply.  An  air  passage  is  too  large  when  it  passes  more 
air  to  its  part  of  the  mine  than  is  required,  and  deprives  other 
parts  of  the  necessary  quantity.  If,  on  inspecting  the  mine,  it  ia 
found  that  some  parts  of  it  are  ill  ventilated,  it  ia  necessary  to 
increase  the  size  of  the  passages  and  admit  more  air.  If  their 
dimensions  cannot  be  increased,  then  the  force  of  the  draft  must 
be,  in  order  to  obtain  more  fresh  air.  In  all  instances,  as  it  pro- 
duces the  same  result,  we  may  widen  the  channels  which  condud 
the  air,  or  force  the  air  in  and  through  the  passages  with  greater 
velocity.  The  natural  means  by  which  we  produce  circulation 
are  at  best  faint  forces,  and  it  requires  spacious  passages  to  con- 
duct a  large  quantity  of  slow-moving  air.  It  is  therefore  advisable 
to  make  all  passages  for  air  as  wide  and  spacious  as  circum- 
stances will  admit.    There  is  never  any  harm  in  making  the 
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panages  too  large;  but  there  may  be  incalculable  loss  of  life  and 
property  if  they  are  too  narrow.  In  all  cases  a  passage  too  wide 
is  readily  made  narrower  by  a  partial  partition,  or  by  a  perma- 
nent 0tone  wall  with  the  proper  openings.  Wide  passages  aflford 
the  advantage  of  leading  the  current  of  fresh  air  into  the  most 
dangerous  parts  of  the  mine,  by  applying  divisions  in  proper 
places.  The  partitions  may  also  be  made  to  lead  the  current  of 
air  along  the  roof  or  the  pavement  of  the  mine ;  in  the  latter 
case,  by  raising  the  partition  above  the  floor  and  closing  the  pas- 
sage at  the  roof,  and  by  closing  the  partition  at  the  bottom  and 
leaving  it  open  at  the  top,  the  current  is  drawn  along  the  roof. 
The  first  plan  is  adopted  where  heavy  gases  are  to  be  removed, 
such  as  carbonic  acid,  sulphurous  acid,  and  similar  compounds ; 
the  current  of  air  should  pass  along  the  roof  when  carburetted 
hydrogen,  or  hydrogen  and  its  compounds,  form  the  obnoxious 

gas- 

The  movement  of  air  in  a  mine  is  eflFected  on  the  same  princi- 
ples as  that  of  gases  or  fluids  in  pipes ;  we  are  therefore  to  make 
the  passages  as  wide  as  possible  in  order  to  diminish  friction,  and 
we  must  avoid  short  bends  and  sharp  angles,  and  also  irregular 
contractions  as  well  as  rough  walls.  All  obstacles  to  motion  re- 
quire either  additional  force,  or  cause  a  diminution  of  effect ;  that 
is,  the  quantity  of  air  which  passes  through  the  mine  is  dimin- 
ished in  consequence  of  the  obstructions  to  its  motion.  We  may 
always  supply  the  requisite  quantity  of  air  for  the  ventilation  of  a 
mine,  but  it  demands  a  power  which  increases  with  the  cube  of 
the  air  needed ;  the  resistance  to  the  motion  of  gases  increases  in 
that  ratio.  It  is  therefore  preferable,  in  all  instances,  to  make  the 
air  passages  too  large  rather  than  too  narrow ;  and  this  will  apply  to 
drifts  and  shafts  as  well  as  to  galleries.  There  is  no  excuse  for  al- 
.  lowing  bad  air  to  remain  in  a  mine ;  if  such  is  the  case,  it  arises 
eith^  from  ill-management  or  avariciousness ;  if  the  passages  are 
too  narrow,  the  power  of  a  steam-engine  or  that  of  a  water-wheel 
may  be  used  in  forcing  air  into  the  mine  ;  and  if  dead  workings 
are  not  properly  ventilated,  it  is  because  the  means  of  ventilation 
are  insufficient  or  injudiciously  applied.  All  cases  of  accidents 
in  mines,  caused  by  bad  air,  should  be  made  criminal  offences  by 
law,  and  the  owners  rendered  liable  in  damages  to  the  families  or 
heirs  at  law  of  the  deceased  or  the  crippled.  Explosions  in  mines 
are  never  caused  by  the  fault  of  the  workmen ;  for  if  a  sufficient 
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supply  of  fi-esh  air  is  forced  into  the  mine,  and  that  well  distrib* 
uted,  there  cannot  be  an  explosion. 

Safety  Lamp. — ^The  miner,  in  searching  within  the  crust  of 
the  earth  for  the  riches  which  it  conceals,  is  exposed  to  many 
dangers.  The  rocks  in  which  he  digs  are  seldom  entire,  and  the 
impending  firagmente  threaten  to  fall  and  crush  him.  Atmos- 
pheric air  follows  him  in  those  often  intricate  passages  with  diffi- 
culty, and  the  waters  issuing  from  the  rocks  annoy  him — he  must 
provide  for  their  removal,  or  be  exposed  to  drowning  if  he  per- 
mits the  accumulation  of  them.  Of  all  dangers,  the  explosion 
from  the  accumulation  of  firedamp  is  the  most  disastrous.  Such 
a  catastrophe  in  an  extensive  coal-mine  is  horrible  in  the  extreme. 
A  mine  is  at  one  moment  full  of  life,  cheerfulness  and  animation ; 
the  clink  of  the  miners'  tools  resounds  throughout  the  subterra- 
nean vaults ;  carriages  on  railroads  passing  to  and  from  the  work- 
men enliven  the  scenes  of  the  dark  recesses ;  happiness  and  alac- 
rity are  pleasingly  contrasted  with  the  surrounding  gloom;  but 
the  next  moment  may  bring  desolation  and  death  to  all*  The  fire- 
damp accimiulated  in  a  part  of  the  mine  is  set  in  motion ;  it  min- 
gles-with  the  slow  current  of  fresh  air  to  the  point  of  an  exploeive 
mixture,  when  the  unsuspecting  miner  brings  his  candle  in  contact 
with  it,  and  sets  the  whole  interior  of  the  mine  in  a  blaze  of 
burning  air.  The  ignition  of  such  a  mass  is  instantaneous.  Im- 
mediately it  suffocates  and  scorches  to  death  every  living  creature 
within  reach ;  those  beyond  the  reach  of  the  flame  are  dashed 
down  by  the  force  of  the  explosion,  and  the  irresistible  body  of 
hot  air  which  rolls  along  the  winding  galleries ;  the  mouths  of 
pits  and  passages  are  converted  into  the  flaming  throats  of  a  vol- 
cano, casting  forth  dust  and  stones,  wheelbarrows  and  men,  and 
hurling  heavy  wagons  high  up  into  the  air ;  the  earth  trembles 
by  the  force  of  thLs  gigantic  power,  and  the  machinery  at  the 
entrances  is  generally  destroyed.  No  wonder  miners  are  pious 
to  superstition,  when  their  intellects  cannot  comprehend  the  cause 
of  the  awful  destruction  set  in  motion  by  an  apparently  innocent 
spark  of  fire.  Wise  and  good  men,  observing  the  destruction  of 
human  life  in  such  cases,  have  taxed  their  minds  for  the  inven- 
tion of  preventives,  but  these  benevolent  exertions  merely  in- 
creased the  avarice  of  men — ventilation  is  now  more  neglected 
than  before  the  invention  of  Davy's  safety-lamp,  and  explosions 
are  more  frequent  than  ever. 

We  should  not  allude  to  the  safety-lamp  of  Sir  Himiphrey 
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ptiry  if  it  was  not  wanted  for  the  examination  of  a  mine.  The 
vorkman  should  never  use  it ;  there  should  be  always  sufficient 
fresh  air  in  the  workrooms  and  galleries  of  the  mine  to  render 
open  lamps  or  candles  perfectly  safe.  Any  mine,  particularly  a 
coal  mine,  requires  frequeiit  inspection  by  the  foreman  or  super- 
intendent. This  should  be  made  at  least  once  a  week.  The 
remote  passages  for  air  and  water  should  be  inspected,  timber  and 
walla  examined,  and  also  the  composition  of  the  air. '  For  this 
purpose  a  safety-lamp  may  be  necessary  in  some  instances,  par- 
ticularly in  old,  extensive  coal-mines,  and  those  which  furnish 
coal  of  easy  decompoaition,  such  as  the  bituminous  coal  of  Vir- 
ginia, some  in  Ohio  and  Illinois,  Maryland  and  Nova  Scotia. 

In  fig.  69,  we  represent  an  improved  safety-lamp,  on  Davy's 
principle,  which  affords  more  security  and  light  than  the  simple 
wire-gaoze  lamp.  The  common  Davy  lamp  is  a  round  vessel  of 
oil  with  a  wick  in  its  centre,  the  flame  being  covered  with  a  cylin- 
der of  wire-gauze,  of  about  2  inches  in  diameter,  and  from  6  to 
8  inches  high,  tapering  towards  its  top.  This  simple  form  of  lamp 
is-not  quit*  safe,  for  if  the  air  is  very  inflammable  the  wire  gets 
heated,  and  will  pass  the  flame  through  it,  particularly  when  the 
hunp  is  moved.     Instead  of  one  layer  of  wire-  ^^  ^ 

gauze  two   have  been   used,  but  even  these 
were  not  found  secure.     The  improvement  re- 
presented in  the  cut  is  a  simple  Davy  lamp, 
with  only  one  coat  of  wire-gauze,   in  order  to 
diminish  the  light  of  the  flame  as  little  as  pos- 
sible, because  one  of  the  objections  to  these 
lamps   is  their  diminishing  the  light  of  the 
flame.     The  wire-gauze  is  in  this  case  sur- 
rounded by  a  glass  cylinder,  and  the  air  for 
feeding  the  flame  passes  in  below  the  cylinder 
only,  through  a  range  of  holes  bored  in  the 
oil  vessel.     The  air  passes  next  through  one  or 
more  disks  of  wire-gauze  which  are  fastened 
above  these  holes,  below  the  flame  or  wick.  . 
It  then  passes  a  small  cupola  of  a  brass  disk  I 
which  has  a  little  orifice  in  its  vertex,  so  that  f 
explosive  gas  is  forced  to  the  flame  and  must 
bum.     The  wire-gauze  disks,  below  tlie  flame  1 
and  the  cupola,  are  for  the  prevention  of  a  returning  motion  of 
the  inflamed  gas  through  the  lower  parts  of  the  lamp.     The  gas 
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being  thus  completely  burned  before  it  reaches  the  BUfroundini; 
cylinder  of  wire-gauze,  cannot  extend  to  the  surrounding  air. 
The  access  of  more  air  to  the  wick  than  the  wire  cy Under  can 
conduct,  is  prevented  by  the  small  holes  in  the  bottom  of  the 
lamp  and  the  glass  cylinder ;  this  hinders  the  lamp  from  getting 
filled  with  flame,  which  is  the  case  when  only  a  simple  coat  of 
wire  surrounds  the  flame.  The  glass  cylinder  is  held  down  by  a 
brass  cupola,  which  is  provided  with  some  holes  for  the  esci^ 
of  the  hot  and  burnt  gas.  The  lamp  is  surrounded  by  a  num- 
ber of  vertical  wires,  which  serve  to  protect  the  glass  against  in- 
jury, and  in  case  it  should  break  by  accident,  the  lamp  is  still  a 
common  Davy. 

Trying  the  Air. — The  state  in  which  the  air  of  a  mine  is,  may 
be  tried  by  the  flame  of  a  candle.  It  is  rather  a  delicate  opera- 
tion, and  requires  some  experience  to  perform  it  satisfactorily. 
When  there  is  a  mere  defect  of  oxygen  in  the  air,  it  having  been 
partly  consumed  by  the  respiration  of  the  workmen,  or  the  de- 
composition of  the  minerals,  the  light  bums  with  a  dull  reddish 
flame,  the  tallow  gets  hard  and  ceases  to  supply  the  wick  abun- 
dantly, and  if  the  state  of  the  air  is  very  bad,  the  flame  flickers 
and  dies  gradually  away.  In  this  case,  the  candle  may  be  kept 
burning  by  inclining  it,  which  causes  the  tallow  to  melt  and  sup-' 
ply  the  flame.  In  all  instances  of  such  trials  the  wick  must  be 
clean,  free  from  snuff*,  and  trimmed  to  a  point,  so  as  to  produce  a 
clear,  distinct  flame.  When  nitrogen  aboimds,  the  flame  is  long 
and  yellow  at  the  top,  and  often  brown, — ^the  clear  flame  being 
very  short  and  dim.  When  carbonic  acid  abounds,  the  flame 
gets  smaller  by  lowering  the  light  towards  the  pavement.  If  the 
light  bums  dim,  or  expires,  it  is  time  for  the  miners  to  retire,  and 
more  fresh  air  must  he  introduced.  Heavy  gases  are,  therefore, 
never  dangerous,  and  it  is  the  miner's  fault  if  he  suffers  from  the 
effects  of  such  bad  air,  for  he  finds  out,  by  a  safe  and  infallible 
experiment,  whether  he  can  live  and  work  in  the  mine  or  not ; 
for  if  the  candle  does  not  bum  clear  in  an  ore  mine,  the  miner  has 
no  business  there. 

Coal  mines  differ  in  respect  to  the  quality  of  the  air  from 
those  of  other  minerals;  for  a  candle  may  bum,  if  not  perfectly, 
at  least  sufl&ciently  clear  for  work,  and  the  air  yet  be  vitiated  to 
the  explosive  pitch  by  firedamp.  When  an  inflammable  air  is 
supposed  to  be  in  a  mine,  the  miner  trims  his  candle  well,  taking 
off  the  snuff  as  close  as  possible  with  his  fingers,  so  as  to  prodnoe 
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a  pointed  wick ;  he  then  advances  with  cautious  steps,  holding 
llie  candle  in  the  left  hand,  screening  it  with  the  right.  K  he 
finds,  in  his  progress,  that  the  flame  in  his  natural  position  bums 
dim  at  the  tip,  he  lowers  it  cautiously.  If  the  flame  bums  red 
near  the  payement,  there  is  choke  damp,  or  carbonic  acid  in  the 
mine.  He  endeavors  now  to  carry  the  candle  so  high  as  to  be 
above  the  heavy  gas.  Carburetted  hydrogen  of  the  mines  is 
lighter  than  atmospheric  air,  and  floats  near  the  roof,  the  miner 
must  therefore  be  cautious  in  raising  the  candle  too  high.  He 
should  hold  it  close  and  steady  before  him,  with  his  eye  fixed  on 
the  top  of  the  flame  as  he  moves  forward.  If,  in  his  advance,  he 
perceives  the  tip  of  the  flame  elongate;  that  is,  if  the  clear  flame 
gets  idiorter  and  the  elongation  assumes  a  grayish-blue  color,  he 
must  be  on  his  guard.  If  he  holds  his  candle  low  at  the  time, 
and  it  shows  indications  of  firedamp,  he  must  not  raise  it  higher, 
jBwr  at  the  roof  the  mixture  may  be  explosive  when  it  is  not  so 
near  the  pavement  When  the  tip  of  the  flame  begins  to  spire, 
he  should  stop  fix)m  farther  progress,  lower  his  candle,  and  either 
retire,  or  if  his  object  is  to  examine  the  gas,  drop  down  on  his 
knees,  holding  the  candle  near  the  pavement.  On  raising  the 
candle  gradually,  he  watches  the  change  which  the  flame  may 
undergo  as  he  approaches  the  roof  ynth  it.  K  the  inflammable 
gas  is  copious  in  the  mine,  the  flame  elongates  into  a  sharp  spire, 
the  dark  top  of  the  flame  also  elongates ;  so  far  there  is  no  dan- 
ger of  explosion.  But  if  the  tip  of  the  flame,  in  raising  the  can- 
dle, dianges  fix)m  the  bluish-gray  to  a  fine  blue  color,  and  bums 
like  sulphur,  and  frequent  small  bright  specks  are  visible  in  the 
blue  top  of  the  flame,  it  is  dangerous  to  advance  any  fiurther,  and 
equally  dangerous  to  retreat.  The  miner,  provided  he  knows  his 
way  back,  suddenly  extinguishes  his  candle,  which  is  easily  per- 
formed, as  the  right  hand  has  been  always  close  to  the  flame  ;  or 
he  endeavors  to  retreat  with  the  candle,  which  must  be  done  cau- 
tiously and  without  much  motion ;  for  a  sudden  movement  of  his 
body  may  mingle  the  gases  and  cause  ignition.  If  the  miner 
ventures  any  farther  with  his  candle,  when  the  air  is  in  this  con- 
dition, the  flame  will  at  some  spot  suddenly  elongate  and  set  the 
whole  mine  in  a  blaze.  There  is,  however,  so  much  practical 
knowledge  required,  and  the  locality  has  so  much  influence  on 
the  form  and  top  of  the  flame,  that  rules  upon  which  a  miner 
may  depend  with  safety,  respecting  the  form  of  the  flame  of  the 
candle,  cannot  be  given. 
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Tube  of  Sapiraium. — It  sometimes  happens  that  mines  contain 
bad  air  in  certain  parte  where  it  is  necessary  to  work.  This  may 
occur  at  partitions,  doors  for  ventilation,  pumpa,  &c.,  and 
even  in  dig^ng  shafta  and  galleries.  In  all  these  instances, 
it  is  a  better  plan  to  conduct  fresh  air  to  the  place,  than  to 
send  workmen  with  respiration  tubes,  provided  a  blast  machine 
is  at  command,  which  is  strong  enough  to  force  the  fresh  air  to 
the  point  where  it  is  required.  Any  canvas  bag  is  strong  enough 
to  conduct  air  to  a  workroom,  and,  if  made  sufficiently  wide,  a 
large  quantity  may  be  conducted  by  it.  Muslin  of  a  yard  wide 
will  form  a  pipe  of  12  inches  in  width :  when  this  is  painted  with 
oil  paint  it  will  last  a  loug  time,  and  a  gallery  or  drift  may  be 
provided  with  air  for  a  long  distance.  Some  hoops  are  required, 
about  a  yard  apart,  to  support  the  canvas,  and  form  a  round 
pipe.  Through  such  a  pipe,  suspended  overhead,  a  large  quan- 
tity of  air  may  be  forced  200  or  300  yards,  and  suificient  to  pro- 
vide a  set  of  workmen  with  air.  When  a  temporary  use  is  to  be 
made  of  a  respiratory  tube,  and  that  only  for  one  man,  coramoD 
hose,  3  inches  wide,  made  of  leather  or  India-rubber,  is  employed. 
One  end  of  it  is  either  connected  with  the  blast  machine,  and  air 
forced  into  it,  or  it  is  exposed  to  the 
free  atmosphere,  and  the  men  must 
suck  the  air  into  the  pipe.  The 
workman  who  uses  the  pipe  is  pro- 
vided with  a  mouth-piece,  whiohis 
firmly  buckled  to  his  mouth.  His 
nostrils  are  closed  by  a  spring  made 
k  of  steel.  The  contrivimce  assumes 
I  then  the  form  represented  in  ^ 
/  60.  A  short  met^  tube  is  screwed 
to  the  hose,  and  provided  with  two 
valves,  one  for  inhaling  the  iresh, 
and  the  other  for  respiring  the  consumed  air.  These  means,  how 
ever  convenient  they  may  be  in  many  instances,  are  expenaiye, 
and  if  fresh  air  can  be  driven  to  the  vitiated  place  by  the  engine^ 
it  will  be  found  more  advantageous. 
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CHAPTER   VII. 

Draxnage. — ^The  draining  of  a  mine  is  one  of  the  most  impor- 
tant subjects  in  practical  mining  operations.  The  waters  which 
come  down  the  walls  in  drops  gather  into  little  streams,  and  these, 
united,  form  in  extensive  mines  a  considerable  body.  The  quan- 
tity of  water  which  may  be  furnished  by  a  mine,  is  not  easily 
estimated  beforehand.  We  can  form  some  opinion  as  to  the  pro- 
bable amount  by  reference  to  the  kind  of  rock  which  we  pene- 
trate, and  the  c£^acity  of  the  country  for  springs  and  wells;  still 
diis  is  no  certain  criterion,  for  the  ground  and  rocks  may  be  dry 
at  the  surface,  and  yet  contain  much  water  beneath.  The  rock 
may  be  covered  by  a  layer  of  water-proof  clay,  which  causes  the 
suiiace  to  be  wet  and  swampy ;  still,  below  it  may  be  free  from 
water,  and  a  mine  in  such  places  perfectly  dry.  The  elevation 
of  a  mine  has  an  important  influence  upon  the  quantity  of  water 
which  it  may  contain ;  most  rock  is  accessible  to  water,  which 
filtrates  through  its  crevices,  and  gathers  below.  It  will  accumu- 
late where  the  filtration  is  checked,  and  the  rocks  become  satura- 
ted. Some  rocks  are  remarkably  dry,  others  contain  much  water. 
Volcanic  rocks  and  limestone  do  not  furnish  much  water  to  a 
mine ;  granite,  also,  is  dry.  The  copper  mines  at  Lake  Superior, 
which  are  chiefly  in  trap  rock,  are  remarkably  dry.  Stratified 
rock,  of  either  transition  or  secondary  formation,  is  dry  at  the 
surface  when  the  strata  is  inclined,  but  there  is  abundance  of 
water  in  its  lower  portions.  A  deep  mine  in  the  gold  region  of 
the  Southern  States  is  always  found  to  be  very  wet.  Are  the 
strata  of  rock  horizontal,  or  nearly  so,  the  quantity  of  water  is 
greater  in  the  higher  parts  of  the  hills,  than  below.  The  coal  re- 
gion of  the  West  furnishes  sufl&cient  evidence  for  this  assertion. 
In  all  instances,  the  quantity  of  water  in  a  mine  increases  with 
its  surface,  that  is,  with  the  extent  of  its  workings,  apart  from  any 
other  circumstance  to  influence  it  When  crevices  are  opened  in 
the  progress  of  work,  which  communicate  with  reservoirs  of  water 
in  the  interior  of  the  rock,  or  pools  at  the  surface,  springs  are 
formed  which  frequently  add  considerably  to  the  waters  of  the  mine. 
When  a  mine  penetrates  through  a  water-proof  bed  of  clay, 
gypsum,  or  a  layer  of  limestone,  the  water  is  in  most  cases  more 
abundant  below  than  above  such  stratum.     In  most  of  the  mines 
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in  operation,  where  a  circulation  of  air  is  freely  admitted,  the 
quantity  of  water  is  generally  greater  in  summer,  spring  and 
fall,  than  in  winter.  When  the  interior  of  a  mine  is  warmer  than 
the  atmosphere,  it  will  furnish  moisture  to  the  latter  in  its  circu- 
lation  through  the  mine ;  and  when  it  is  colder,  it  will  condense 
watery  vapors  of  the  air  which  enter  and  increase  the  water.  Ln 
all  cases,  attention  must  be  given  to  the  manner  in  which  the 
water  penetrates,  that  its  direct  effect  on  the  workmen  may  be 
avoided.  It  not  only  annoys  them,  but  delays  the  work,  and 
causes  the  mineral  unnecessarily  to  be  more  expensive,  by  inteir* 
fering  with  the  comfort  of  those  engaged  in  its  extraction. 

By  Levels. — We  have  already  alluded  to  the  drainage  by 
levels  and  ditches,  and  shall  add  only  a  few  further  remarks.  Iq 
forming  a  water-drain  in  the  pavement  of  a  drift  or  a  gallery,  it  is 
necessary  to  pay  some  attention  to  its  form.  The  walls  of  the  drain 
also  should  be  smooth ;  not  that  rough  walls  cause  much  friction^ 
and  diminish  the  velocity  of  the  water,  but  because  all  the  water 
issuing  from  the  workrooms  carries  along  some  impurities,  partides 
of  rock,  minerals,  clay,  &c.  This  heavy  matter  will  settie  in 
rough,  contracted  or  crooked  channels,  more  than  in  smooth  and 
straight  ones ;  this  sediment  causes  pools  of  water,  which  aoon 
overflow  the  pavement,  rendering  the  mine  wet,  disagreeable,  and 
injurious  to  the  health  of  the  workmen.  These  defects  may  be 
avoided  in  some  measure  by  giving  more  fall  to  the  drain,  but 
it  will  not  remove  the  evils  resulting  from  an  imperfect  form  of 
the  channel.  When  it  is  possible,  the  water  channel  should  be 
located  on  one  side  of  the  gallery  or  drift,  rather  than  in  the 
middle  of  the  floor.  When  the  drain  is  covered  by  timber  or 
planks,  or  a  roadway,  it  is  not  easily  accessible,  and  sediment 
may  a^rcumulate  and  overflow  a  portion  of  the  mine  before  it  is 
observed  and  can  be  removed.  If  the  channel  is  on  one  side,  it 
may  always  be  uncovered,  and  any  obstruction  is  soon  detected 
and  removed.  In  all  cases,  no  matter  where  the  drain  is  located, 
it  should  be  easy  of  access  at  any  tin^e.  If  parts  of  a  drain  are 
necessarily  covered,  where  there  is  loose  rock  or  gravel,  it  is  ad- 
visable to  make  such  parts  spacious  and  of  mason-work.  Wooden 
culverts  are  liable  to  decay,  particularly  in  a  mine ;  and  if  the 
location  of  the  culvert  is  inaccessible,  it  cannot  easily  be  replaced 
without  much  disturbance.  This  is  the  more  serious  if  thc^  road- 
way extends  over  such  culverts.  The  size  and  fall  of  a  drain  is 
calculated  according  to  the  laws  regulating  the  motion  of  water 
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in  canate;  but  as  there  are  many  modifications  of  those  laws,  on 
aocoUnt  of  obstructions,  we  are  not  justified  in  referring  to  them. 
The  location,  size  and  fall  of  the  drains  is  chiefly  ascertained  by 
observation.  One  foot  fall  in  one  hundred  feet  of  length  is  con- 
sidered sufficient  in  all  instances;  but  as  this,  in  long  levels, 
causes  a  considerable  loss  in  the  depth  of  a  mine,  less  fall  is  taken 
in  many  cases,  and  the  size  of  the  channels  increased.  One  foot 
fidl  in  one  thousand  feet  causes  a  considerable  current ;  but  the 
water  must  be  clear,  or  the  drain  is  liable  to  obstruction.  A  deep 
pool  provided  at  the  head  of  the  drain  will  retain  most  of  the 
mud  issuing  from  the  workrooms  and  roads,  and  pass  the  water 
fi«e  from  sediment  Such  pools  may  be  cleared  of  their  contents 
when  filled,  and  serve  a  good  purpose  in  draining  a  mine  to  its 
lowest  depth. 

By  Pumps, — Much  ingenuity  has  been  expended  in  the  con- 
struction of  pumps,  in  order  to  drain  mines  with  the  least  possible 
expense.  We  shall  not  allude  to  the  numerous  forms  of  pump- 
ing-machines  which  have  been  contrived  in  past  times,  nor  to 
nutny  of  the  imperfect  means  for  pumping  at  present  in  use.  "We 
shall,  however,  describe  that  kind  of  machinery  which  is  suitable 
to  perform  the  most  labor  with  the  least  expense.  We  have 
qxsken  of  the  hoisting  of  water  by  means  of  the  rope  and  barrel 
in  former  pages,  and  shall  confine  our  present  remarks  to  pumps 
only.  Notwithstanding  the  progress  in  mechanics  and  the  con- 
struction of  machinery,  we  find  men  who  waste  time  and  means 
on  the  invention  of  machinery  for  lifting  water,  which  never  will 
successfully  compete  with  well-constructed  pumps.  The  princi- 
ples governing  the  construction  of  pumps  are  not  so  generally 
observed  as  they  should  be.  We  state,  for  this  reason,  those 
laws  which  govern  them. 

Principles  of  the  Pnmp, — There  are  three  principal  kinds  of 
pumps, — ^the  sucking,  the  lifting,  and  the  forcing-pump ;  all  these 
are  used  in  mines,  and  oflen  the  whole  of  them  in  one  set.  The 
suckinp^-putnp  consists  essentially  of  the  cylinder,  the  sucking- 
pipe,  the  piston  with  its  valve,  and  the  sleeping-valve  at  the 
lower  extremity  of  the  sucking-pipe.  When  the  lower  end  of  the 
sucking-pipe  is  immersed  in  a  reservoir  containing  water,  and  the 
piston  in  the  cylinder  raised,  the  air  contained  in  the  space  be- 
tween the  piston  and  the  sleeping-valve  will  expand,  in  propor- 
tion to  the  spacer  evacuated  by  the  piston.  The  density  of  the 
air  without  the  pipe  is  greater  than  the  density  of  that  within, 
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and  pressing  upon  the  water  farces  it  into  the  pipe  through  the 
sucking- valve,  so  high  as  to  produce  an  equilibrium  between  the 
external  and  internal  air.  As  the  air  within  is  expanded  in  prq> 
portion  to  the  space  moved  by  the  piston,  an  equal  amount  of 
water  will  be  pressed  into  the  pimip  to  fill  the  space  evacuated 
by  the  piston.  The  density  of  the  air  within  and  that  witliout 
having  become  equal,  the  sleeping- valve  shuts  by  its  own  gravity, 
and  prevents  the  flowing  out  of  the  water  fix)m  the  sucking-pipe. 
The  piston  being  now  depressed,  it  will  compress  the  air  within ; 
this  causes  the  valve  to  open,  and  the  air  escapes  through  it  It 
is  easily  conceived  that  this  play  of  the  piston,  when  repeated, 
will  raise  the  water  to  a  certain  height.  It  would  raise  it  to  an 
indefinite  height  if  the  air,  or  the  gas  formed  by  water  in  a 
vacuum,  was  not  elastic.  When  the  column  of  water  thus  raised 
is  equal  to  the  pressure  of  the  atmosphere  upon  the  vacuum, 
which  height  is  indicated  by  the  barometer,  the  piston  may  be 
raised,  but  it  will  produce  only  an  elastic  fluid.  Either  the  water 
will  evaporate  and  condense  with  the  motion  of  the  piston,  or  if 
there  is  any  air  in  the  pump  it  will  expand  and  condense,  foUow- 
ing  the  motion  of  the  piston.  When  nothing  interferes  with  the 
motion  of  the  water  in  the  sucking-pipe,  and  when  tlie  piston 
closes  perfectly  air-tight  in  the  cylinder  of  the  pump,  the  water 
may  be  raised  to  the  average  height  of  33  feet — ^the  greatest 
height  34  feet.  In  practice  this  height  never  can  be  obtained  for 
the  following  reasons.  There  is  always  a  loss  of  height,  because 
there  is  friction  between  the  water  and  the  pipe,  which  diminishes 
its  motion.  The  sleeping- valve  always  loses  a  little  water  as  it 
shuts.  The  valve  of  the  piston  loses  also  from  the  same  cause ; 
and  if  the  piston  does  not  fit  closely  to  the  cylinder,  there  is  a 
loss  of  height  in  the  water.  As  smooth  surfaces  diminish  friction, 
particidarly  between  fluids  and  solid  matter,  it  is  of  great  impor- 
tance to  make  the  interior  of  pipes  as  smooth  as  possible.  The 
loss  of  power  in  the  sleeping-valve  is  partly  caused  by  the  weight 
of  the  valve  resisting  the  upward  motion  of  the  water,  and  partly 
oy  the  impact  of  the  valve  when  open,  which  prevents  its  quids: 
return ;  and  as  the  water  suffers  less  from  this  cause,  it  will  flow 
oack  before  the  valve  is  shut  again.  In  both  cases,  it  is^ 
-nerefore,  advantageous  to  make  the  valve  as  light  as  possible,  in 
order  to  oppose  little  or  no  obstacle  to  the  motion  of  the  water. 
The  loss  in  power,  or  in  the  height  of  water  in  the  pump,  is  herein 
proportion  to  the  weight  of  the  valve.    If  a  sleeping- valve  cover* 
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ing  one  square  inch  weighed  15  pounds,  it  would  not  admit  of  the 
passage  of  any  water,  for  that  weight  is  equal  to  the  pressure  of  the 
atmosphere.  The  weight  of  the  valve  causes  therefore  a  loss  in  the 
proportion  of  its  weight  to  that  of  the  atmosphere.  This  loss  is  in- 
creased when  we  consider  the  impact  of  the  valve.  In  the  sleeping- 
valve  of  a  sucking-pump  there  is  therefore  a  considerable  loss  of 
power,  which  may  be  diminished  or  increased  by  altering  the  weight 
of  the  valve.  The  valve  in  the  piston  is  not  liable  to  the  same  objec- 
tions as  the  sleeping- valve.  If  the  piston  valve  is  of  great  weight  it 
will  resist  the  motion  of  elastic  fluids  considerably ;  that  of  water  it 
cannot  affect  but  by  the  friction,  which  it  causes  in  opposing  its 
weight  to  the  motion  of  the  water.  On  the  return  of  the  piston, 
after  having  arrived  at  its  culmination,  a  considerable  loss  is 
caused  by  the  impact  of  the  valve,  which  is  greater  in  a  heavy 
than  in  a  light  one.  We  see  here,  that  the  weight  of  a  valve  ex- 
erts considerable  influence  on  the  effect  of  a  pump,  particularly 
on  that  of  a  sucking-pump. 

The  form  of  valves  is  of  not  less  importance  than  their 
weight.  A  poppet-valve,  in  the  form  of  a  flat  dish,  is  the  most 
imperfect,  because  it  is  heavy,  and  does  not  afford  a  favorable 
form  for  the  passage  of  water.  The  conical  poppet-valve  is  bet- 
ter than  the  flat  dish.  It  causes  less  disturbance  in  the  current 
than  the  first  valve,  but  it  loses  water  because  it  is  heavy  and 
ahute  slowly.  Balls  and  cones  are  valves  working  well  in  small 
pumps,  but  are  inapplicable  in  large  ones.  In  pumps  for  mines 
hardly  any  other  form  of  valve  can  be  applied  to  advantage  than 
that  of  the  trap- valve.  We  allude  to  these  particularly  in  the  follow- 
ing remarks  :  valves  should  be  as  light  as  possible,  for  their  weight 
must  be  lifted  by  the  moving  power  before  any  water  can  pass.  If 
the  weight  of  a  valve  is  great,  the  power  required  for  raising  it  must 
also  be  considerable.  The  weight  of  the  valve  should  be  so  regu- 
lated that  its  pressure  upon  its  bearing  may  be  small,  and  that  it 
may  be  raised  with  the  least  power.  When  the  valve  is  raised  to  its 
maximum,  it  should  be  as  light  as  at  the  bottom,  that  its  tendency 
to  shut  may  not  be  retarded  by  impact.  It  must  be  quicker  in  its 
returning  motion  than  the  motion  of  the  water.  We  find  here  that' 
the  horizontal  position  of  a  valve  is  contrary  to  principle,  and  that 
a  perfectly  vertical  one  is  the  best.  The  vertical  valve  has  its  disad- 
vantages in  connection  with  vertical  pumps ;  because  it  always  re- 
quires curves  to  be  made  in  the  pipes  leading  the  water  to  and 
from  it  What  is  here  gained  in  the  form  of  the  valve  is  lost  in  the 
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cmre  of  the  pipes.  It  is  therefore  of  little  adraRtage  to  ei):^l(9 
vertical  valves ;  the  same  may  be  said  of  inclined  valves;  and  the 
question  rests  then  with  the  horizontal  trap-valve  only.  Iliete 
is  little  doubt  that  this  form  is  the  most  advantageous ;  but  there 
are  objections  to  the  common  metal  valve,  and  also  to  the  leather 
valve.  The  common  metal  valve,  aa  represented  in  fig.  61,  is  a 
good  one,  but  in  heavy  pumps  it 
causes  strong  vibrations,  and  re- 
quires constant  repair.  This  valve 
could  be  fefltenedto  a  spring,  either 
of  steel  or  India-rubber,  so  ^at 
it  would  be  repulsed  in  every  pon* 
tion,  ttnd  nowhere  at  rest  When  a 
valve  is  shut  with  pressure  upon  it, 
it  must  be  BO  far  lifted  by  a  spring 
as  to  bailee  its  own  weight,  and 
also  some  of  the  incumbent  pnm- 
sure  of  the  water  j  but  the  spring  must  not  open  the  valve. 
When  it  reaches  its  highest  elevation  a  spring  should  force  it 
back  in  advance  of  the  returning  water. 

If  these  conditions  could  be  complied  with  in  practice,  there 
is  no  doubt  but  any  kind  of  valve  affording  a  large  passage  would 
answer.  Such  suitable  arrangements  with  valves  may  be  possi- 
ble ;  but  we  do  not  know  of  any  which  perform  well  and  whioli 
we  can  recommend.  Recently  a  most  perfect  form  of  valve  tor 
water-pumps  of  limited  pressure  has  made  its  appearance.   In  fig; 


62  we  have  represented  one  form  of  this  valve,  and  in  the  course  of 
this  chapter  we  shall  allude  to  some  otlierii.  The  valve  is  herv 
formed  simply  by  a  sheet  of  vulcanized  India-rubber,  ^  of  on  indl- 
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thick,  in  gmall  valves,  and  increasing  to  J^  an  inch  in  thickness  in 
large  valves.  The  under  side,  upon  which  the  rubber  rests,  is 
lepreeented  in  fig.  63.  It  is  a  cast-iron  frame,  round  or  square 
•8  the  ease  may  be,  having  a  cross-bar  in  the  middle  of  its  area 
upon  which  the  top  and  the  rubber  is  screwed.  The  whole  area 
of  this  plate  consists  of  oblong  openings  for  water,  J  of  an  inch 
in  width  for  small  pumps,  and  from  that  to  ^  an  inch  in  width  for 
large  pumps,  and  a  pressure  of  15  or  20.  pounds  to  the  square 
inch.  The  oblong  holes  in  this  plate  may  form  a  grate  like  that 
in  a  stove,  or  the  bars  may  be  divided  into  compartments  by 
erofls-bars,  which  in  the  mean  time  stififen  the  plate  and  prevent 
its  injury  by  slight  causes.  The  sheet  of  India-rubber  which  is 
Sd'ewed  down  in  the  middle,  is  easily  lifted  by  the  slightest  pre- 
suie  from  below,  and  the  openings  in  the  bottom  plate  having  a 
somewhat  inclined  direction,  lift  the  valve  very  gently,  and  force 
it  all  at  once  to  the  frill  width  against  its  angular  support.  It 
offers  little  or  no  resistance  to  the  passing  water  by  its  own 
weight ;  it  merely  diminishes  the  passage  for  water.  With  the 
returning  stroke  of  the  pump,  the  water  presses  back  upon  the 
valve,  passing  through  holes  in  the  angular  support.  This  valve 
causes  less  loss  of  power  than  the  best  ^jalves  of  other  forms ; 
and  gravity,  which  causes  considerable  contraction  of  the  current 
of  water  in  other  cases,  has  little  influence  upon  it  The  small 
openings  in  the  bottom  plate  occasion  some  loss  of  power  by 
friction,  but  these  holes  may  be  polished,  and  in  that  case  the  loss 
is  small.  The  greatest  advantage  of  this  valve  is  its  soft  bearing 
and  perfectly  close  fit,  which  in  mines  is  of  considerable  import- 
ance ;  because  the  waters  of  a  mine  often  contain  impurities  and 
sand,  which  cause  metal  valves  to  close  imperfectly.  The 
simplicity  of  this  valve  is  another  recommendation  which  cannot 
be  too  highly  appreciated  in  mines. 

Lifting-Pump. — When  water  is  raised  in  the  sucking-pipe, 
which  in  practice  should  not  be  higher  than  20  or  25  feet,  and 
the  piston  is  hollow  and  provided  with  valves,  it  will  pass 
through  the  piston  and  ascend  to  any  height  we  please.  This 
height  is  limited  only  by  the  strength  of  material.  In  fig.  64  a 
lifting-pump  is  represented,  which  shows  the  sleeping-valve  con- 
siderably above  the  lower  extremity  of  the  sucking-pipe.  This 
arrangement  is  necessary  where  the  sucking-pipe  dips  into  an  in- 
accessible pool  of  water.  In  such  cases  all  that  kind  of  machinery 
which  is  liable  to  need  repairs  must  be  easily  accessible.     It  is 
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not  neoessarj  to  pUce  the  eJeeping-TalTe  in  the  oylinder,  or  doae 
to  the  piston,  aa  shown  in  the  drawing.  It  is  sufficient  if  the 
valve  is  above  the  surface  of  the  pool  from  which  the  pump 
draws  its  water.  When  the  water  in  the  lifting-pump  is  raised 
to  the  height  necesBarj  for  its  discharge,  a 
mouth-piece  is  appended  to  the  vertical  pipe, 
which  may  be  directed  to  any  point  which 
w""  secures  the  Sowing  off  of  the  water.  In 
mr  1-J  ■this  case,  as  well  ^  in  that  of  the  sleeping- 

f— ^^  valve,  the  form  of  valve  and  its  operation  has 
A  decided  influence  upon  the  (ifect  of  die 
pump.  K  the  valve  in  the  piston  is  heavy  it 
will  press  upon  the  passbg  water,  contract  die 
passage  for  it,  and  cause  friction.  If  the  mate- 
nal  of  the  pump,  that  ia,  piston-rod,  levers,  or 
other  machinery  connected  with  it,  is  elastic,  or 
if  any  gaa  is  in  the  water,  or  the  water  warm, 
tl  c  elasticity  thus  produced  will  cause  an  os- 
cillation in  the  column  of  water  above  the  pis- 
tou  and  this  by  its  impact  will  occasion  a 
considerable  loss  of  power,  particularly  when 
the'column  of  water  is  high.  It  is  therefore 
necessary,  in  order  to  produce  the  best  effect 
II  a  lifting-pump,  that  the  valves  should  be 
li^ht  and  the  machinery  of  the  most  ri^d 
niiiterial.  The  above-mentioned  valve,  wifli 
iiuu  pumps  and  machinery,  is  for  these  rea- 
sons the  most  perfect. 

0/ Pistons. — It  is  an  essential  condition  in  pumps  that  pistons 
shonld  fit  closely  to  the  sides  of  the  cylinder.  This  object  can- 
not be  obtained  in  square  pumps,  for  which  reason  they  are  im- 
perfect machines.  Wooden  cylinders  are  liable  to  abrasion,  and 
consequently  soon  cause  leakage  at  the  piston,  for  which  reason 
wood  is  a  very  imperfect  material  for  pumps,  even  for  those  of 
low  elevation.  Wood  is  not  strong  nor  close-grained ;  it  is  liable 
to  filtration  through  its  pores,  and  is  therefore  not  suitable  for 
leaking  good  pumps  for  high  elevations.  Pistons  should  fit  tight 
in  the  cylinder,  and  afford  as  much  opening  for  the  passage  of 
water  as  possible.  In  fig.  65  we  represent  a  piston,  which,  ac- 
cording to  our  present  knowledge,  is  the  most  perfect  for  a 
lifting-pump  of  limited  height     It  is  made  of  iron  or  brass,  as 
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the  case  may  be,  cast  in  one  piece,  and  turned.  The  pacldog  is 
produced  by  a  series  of  steel  rings,  one  laid  on  the  top  of  the 
other,  so  as  to  fit  closely  between  themselves ;  these  ringa  are 
qiriiig-liardeDed,  and  their  diameter  is  somewhat  larger  than  the 


diameter  of  the  cylinder  of  the  pump,  so  that  the  elasticity  of  the 
rings  may  cause  a  close  fit  in  all  parts.  These  rings  are  held 
kt  the  fece  of  the  piston  and  in  their  places  by  a  circular  ring 
screwed  firmly  on  the  top  of  the  piston,  so  as  to  give  but  very 
little  play  to  them.  The  length  of  one  of  these  rings  is  a  little 
leas  than  the  circumference  of  the  cylinder,  and  the  open 
■pace  thus  caused  iu  one  of  the  rings  is  covered  by  the  sound 
part  of  the  next  ring.  The  piston  itself  forms  a  grate,  similar 
to  that  represented  in  fig.  66,  with  this  difference,  that  here  no 
■olid  bar  traverses  the  area.  It  is  entirely  composed  of  small  bars 
and  oblong  or  rectangular  spaces ;  the  centre,  containing  the  pis- 
ton-rod and  the  circumference,  shows  the  only  solid  parts.  Above 
the  piston,  some  inches  distant,  a  round  plate  is  screwed  to  the 
rod,  which  is  permanently  fixed  in  its  place.  This  plate  is  also 
pierced  with  a  number  of  round  holes,  or  forms  a  grating  of  ob- 
long apertures,  similar  to  those  in  the  piston.  A  sheet  of  vulcan- 
ized India-rubber,  larger  than  the  last  described  plate,  plays  up 
and  down  with  each  stroke  of  the  pump,  resting  either  upon  tho 
piston,  in  the  upward  motion,  or  against  the  plate  in  the  down- 
ward motion  of  the  piston.  In  this  manner  the  apertures  in 
the  piston  are  either  shut  or  opened,  according  to  the  motion 
of  the  piston.  The  water  thus  passing  through  the  aper- 
tures, 6nda  a  circular  apace  around  the  plate  above,  which  is  its 
passage.  In  this  arrangement  a  considerable  loss  of  power  is 
caused  by  the  descent  of  the  India-rubber  sheet.     This  loss  is 
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eqnal  to  a  part  of  the  distaoce  traversed  hy  the  sheet,  eompared 
to  the  stroke  of  the  pump.  We  may  here  employ  the  valve 
shown  in  fig.  66 ;  but  this  diminishes  the  aperture  in  the, 
piston  by  the  solid  bar  in  the  diameter ;  still  we  are  inclined  to 
consider  the  form  of  fig.  67  superior  to  that  of  fig,  68. 


Force-pump. — This  kind  of  pump  has  no  valve  in  the  piston, 
by  which  it  is  chiefly  distinguished  from  the  lifting-pump.  The 
piston  is  here  solid,  and  the  water  is  driven  to  Bome  mde-pipe  in 
which  the  lifting-valve  is  fastened.  In  fig.  69  a  common  force- 
pump  is  shown.  The  solid  piston  is  moving  in  a  metal  cylinder, 
whichmaybeeither  of  cast-iron,  brass,  copper,  or  other  metal.  The 
water  is  sucked  from  the  pool  by  its  upward  motion,  and  drawn 
into  the  cylinder;  when  it  returns  or  descends,  the  water  is  forced 
out  of  tlie  cylinder,  and  the  sucking-valve  closes.  The  force- 
valve  is  now  opened,  which  admits  the  water  into  a  pipe,  when 
it  may  be  raised  to  the  desired  height. 

We  here  very  soon  perceive  what  causes  the  chief  loss  of 
power  in  this  pump.  The  water,  in  being  drawn  into  the  cylin- 
der, has  attained  a  certain  direction  in  its  motion,  and  when 
arrived  at  its  maximum  of  speed  and  elevation,  it  is  suddenly 
stopped  and  its  motion  changed.  Water  is  almost  inelastic,  and 
any  sudden  alteration  in  the  direction  of  its  motion  will  create 
considerable  resistance  in  its  particles;  it  therefore  reacts  upon 
the  piston,  causing  much  loss  of  power.  This  loss  increases  more 
rapidly  than  the  speed  of  the  piston,  and,  perhaps,  is  not  far 
from  the  cube  of  that  speed.  These  pumps  are  not  well  adapted 
for  use  in  mines.  They  require  much  rejiair,  are  expensive  in 
the  first  cost,  ami  also  in  consequence  of  loss  of  power. 

Force-pumps  similar  in  principle  to  the  above,  but  different 


ia  oonBtraotion,  are  ezteD^vely  employed  in  English  mines,  and 
in  water-works  for  supplying  cities  with  water.  This  cireum- 
staooe  is  a  recommend&tion,  but  it  does  not  make  these  pumps 
better ;  and  if  w©  blindly  imitate  what  has  been  done  by  others, 
we  may  be  led  into  the  same  error. 


In  fig.  70,  is  a  pump  of  this  kind.  Instead  of  a  piston  a 
plunger  is  used,  or  second  cylinder  playing  in  the  main  cylinder, 
which  latter  is  here  a  common  strong  cast-iron  pipe.  The  only  ad- 
vantage this  pump  possesses  over  the  above-mentioned  force-pump, 
is  the  absence  of  the  piston  rod,  which  does  away  with  the  stuffing 
box  for  it,  and  also  the  friction  caused  by  it.  This,  however,  ap- 
pears to  be  a  small  advantage,  when  we  consider  that  the  stuffing 
box  for  the  pump,  fig.  69,  is  a  mere  guide,  and  that  a  piston  can 
be  more  accurately  adjusted  to  the  cylinder  so  as  to  afibrd  a  close 
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packing  than  a  plunger.  The  motion  of  the  water  is  here  the 
samCj  and  a  similar  kind  of  action  and  reaction  is  produced,  and 
the  same  loss  of  power  must  consequently  ensue.  These  pumpB 
are  useful  when  an  exceedingly  slow  motion  of  the  piston  is  suf- 
ficient to  raise  the  required  amoimt  of  water.  If  a  pump  of 
this  kind  is  chosen  of  sufl&cient  dimensions  to  do  the  work  with  a 
slow  motion,  it  will  answer  admirably  well ;  but  lifting-pumps  of 
large  dimensions  work  as  well  or  even  better.  In  leading  pipes  a 
long  distance,  or  forcing  water  to  a  considerable  height  by  one  set  of 
pumps,  it  is  most  useftd  to  employ  force-pumps,  because  when  the 
piston  rod  of  the  lifting-pump  descends  through  long  pipes,  its 
size  is  greatly  increased,  and  the  pipes  must  be  made  wide  and 
strong.  Force-pumps  are  therefore  necessary  in  deep  mines, 
where  no  room  can  be  provided  for  a  successive  set  of  lifting- 
pumps. 

Pipes, — ^This  is  a  subject  of  considerable  interest  in  relation 
to  the  drainage  of  mines  by  pumps ;  for  all  the  water  raised  by 
the  pump  must  be  conducted  in  suitable  pipes  to  the  desired 
height ;  and  as  the  expense  caused  in  their  purchase  is  an  im- 
portant item,  it  would  be  well  to  ascertain  the  most  profitable  di- 
mensions, in  order  to  avoid  unnecessary  cost  as  well  as  imperfect 
work.  When  a  pipe  is  filled  with  water,  or  any  fluid,  it  presses 
upon  the  sides  of  the  pipe  with  a  force  proportionate  to  the  head. 
Pipes  must  be  equally  wide  throughout  their  length ;  no  contrac- 
tions of  any  kind  should  be  permitted ;  even  bulgings  are  disad- 
vantageous to  the  motion  of  water  when  imperfectly  made. 
Curves,  and  particularly  sharp  angles,  are  highly  objectionable. 
K  such  angles  or  knees  cannot  be  avoided,  it  is  necessary  to  make 
the  radius  for  the  curvature  as  long  as  possible.  When  such  a 
curvature  is  not  a  part  of  a  small  circle,  and  not  an  acute  angle, 
its  influence  on  the  motion  of  water  in  the  pipe  may  be  neglected; 
but  in  all  cases  where  a  pipe  turns  short,  or  doubles  an  angle, 
the  loss  in  power  must  be  taken  into  the  calculation. 

The  friction  of  water  in  pipes  is  considerable,  particularly 
under  great  velocities.  If  we  call  V  the  velocity  with  which 
water  flows  in  straight  pipes,  L  the  length  of  the  pipes,  H  the 
height  of  water  or  head,  and  E  the  radius  of  the  pipe,  tfie  velocity 
in  the  pipe  will  be 

V  =  58-58  X  Vi?Xl 

L 
It  follows  from  this  that  the  loss  in  power  increases  with  the 
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square  of  the  velocity,  and  that  the  least  velocity  is  the  most  ad- 
vantageous in  practice.  Frequently  we  find  the  velocities  in 
water  conduit  pipes  great,  and  of  course  a  considerable  loss  of 
power  is  experienced.  As  a  rule,  we  may  state  that  water  should 
not  move  with  a  greater  velocity  than  4  feet  per  second  in  smooth 
and  straight  pipes.  In  curved  pipes  the  velocity  should  be  less, 
and  in  curved  and  contracted  pipes  still  less.  In  the  latter  case 
the  velocity  should  not  exceed  2  feet  per  second,  and  this  should 
be  reduced  one  half  if  the  pipe  is  longer  than  100  diameters.  We 
thus  perceive  that  curves  and  contractions  in  pipes,  to  which 
roughness  may  be  added,  are  imperfections  which  should  be 
avoided  by  all  means.  They  make  it  necessary  to  increase  the 
width  of  the  pipes,  and  thus  the  cost  is  increased. 

The  thickness  required  for  pipes  is  determined  by  the  pressure 
which  may  act  upon  their  walls.  The  higher  the  water  is  in  a 
vertical  pipe,  the  greater  is  the  pressure  it  will  exert,  and  hence  the 
strength  of  the  pipe  must  be  proportionate.  As  the  tendency  to 
rupture  also  increases  with  the  diameter  of  the  pipe,  it  follows 
that  the  larger  the  diameter  the  more  metal  will  be  required  to 
withstand  the  pressure.  If  we  call  the  diameters  of  two  pipes  D 
and  rf,  the  perpendicular  height  of  water  in  the  pipes  H  and  A, 
and  the  thickness  of  the  pipes  T  and  t,  we  obtain  the  following 
equation,  T  :  t  : :  H  x  D  :  A  X  cf.  When  the  value  of  one  of 
these  sizes  for  a  certain  material  is  known,  we  obtain  the 
other  very  readily ;  that  is,  if  we  know  that  a  certain  pipe  is 
strong  enough  to  resist  a  certain  pressure,  we  find  the  thickness  of 
another  pipe  by  substituting  the  values  in  the  equation. 

Experiments  on  various  materials  have  shown  that  if  we  ex- 
press E  =  T  in  twelfths  of  an  inch,  H  in  feet,  and  D  in  inches,  the 
strength  of  material  must  be  as  the  following  numbers.    For  lead 

E  =  -^ ;  for  cast-iron  E  =  -^,  and  for  wooden  pipes  with 

iron  rings  E  =  — ^.  The  thickness  of  a  pipe  is  therefore  as  the 

height,  and  it  should  increase  with  the  latter.  When  a  set  of  pipes 
of  a  certain  height  are  properly  constructed,  the  upper  part  may  be 
either  thinner,  or  made  of  a  weaker  material  in  case  it  is  cheaper. 
Cast-iron  pipes  are  the  most  common  in  mines,  and  in  fact  are  the 
only  practicable  pipes ;  but  as  this  material  is  liable  to  great  va- 
riation in  quality,  and  also  the  thickness  of  cast-iron  cannot  be 
depended  upon  for  uniformity,  we  should  increase  the  strength 
found  by  the  above  formula  at  least  25  or  30  per  cent    We  find, 
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then,  for  a  cast-iron  pipe  which  is  to  bear  a  pressure  of  water  60 

feet  high  and  6  inches  in  diameter,  E  =  -^  =  1*5,  or  |  of  an 

inch  in  thickness.  Such  a  pipe  cannot  be  cast,  and  we  may  as- 
sume that  a  cast-iron  pipe  of  six  inches  bore  must  contain  half 
an  inch  of  iron.  This  would  afford  strength  for  200  feet  head, 
but  as  the  formula  indicates  the  extreme  thickness,  it  is  advisable 
not  to  extend  pipes  of  half  an  inch  metal  and  6  inch  bore  lower 
down  than  150  feet.  Each  additional  40  feet  in  depth  requires 
one  eighth  of  an  inch  additional  thickness  of  metaL 

The  qxmntity  of  waier  furnished  by  a  stroke  of  a  pump  is  exactly 
equal  to  the  space  which  is  formed  by  the  piston  in  the  cylinder ; 
that  is,  it  is  equivalent  to  the  height  of  stroke  multiplied  by  the 
area  of  the  piston.  If  E  is  the  radius  of  the  piston,  or  bore  of  the 
cylinder,  and  S  the  stroke  of  the  pump,  the  quantity  of  water 
furnished  by  each  stroke  =  E«  X  3*1415  X  S.  The  height  to 
which  the  water  is  lifted  has  no  influence  upon  this  result.  We 
assume  in  this  formula  that  no  water  is  lost  by  the  valves,  which 
is  not  the  case,  as  we  have  seen  above.  As  this  loss  depends 
upon  the  form  of  the  valve,  we  cannot  introduce  a  general  coeffi- 
cient which  shall  express  it.  The  loss  is  often  considerable,  but 
as  the  water  is  not  lifted  which  thus  flows  back,  the  diminution 
of  power  is  not  directly  as  the  quantity,  but  a  permanent  part  of 
it.  Leakage  between  the  piston  and  the  cylinder  is  calculated  on 
similar  principles  as  the  loss  caused  by  the  valves. 

By  actual  experiment,  it  has  been  found  that  a  man  may  lift 
80  gallons  of  water  in  one  minute  10  feet  high,  by  a  good  pump. 
He  will,  therefore,  lift  160  gallons  5  feet  high,  and  40  gallons  20 
feet  high  in  the  same  time.  The  labor  performed  by  men,  ani- 
mals, and  machinery,  is  always  a  product  of  time  and  power; 
and  as  a  man  or  a  machine  can  make  advantageously  but  a  cer- 
tain number  of  motions  in  a  certain  time  when  applying  their 
power,  we  are  under  the  necessity  of  modifying  the  dimensions 
of  a  pump  to  the  kind  and  form  of  motive-power  which  we 
employ.  A  man  may  make  from  60  to  80  motions  per  minute 
without  over-exertion  ;  the  contractions  of  the  muscles  admit  of 
such  a  number ;  and  if  a  man,  or  a  number  of  men,  are  employed 
to  move  a  piston  directly,  or  by  a  lever,  the  dimensions  used 
must  be  such  that  the  power  of  the  men  can  be  profitably  ap- 
plied. The  above  standard,  that  is,  80  gallons  lifl^ed  10  feet  in 
one  minute,  is  a  high  result  for.  a  man's  labor.    It  brings  the 
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unit  of  his  power  to  80  X  8  X  10  =  6400  pounds  one  foot  high  in 
one  minute,  a  result  which  is,  for  the  average  of  human  labor,  by 
one  half  too  high.    Here,  however,  as  in  all  cases  when  we  cal- 
culate the  size  of  a  pump,  it  is  advantageous  to  assume  a  high 
standard  of  the  unit  power,  because  it  will  furnish  a  larger  sized 
pump  than  a  low  standard.    We  take  thus  for  one  man,  6,400 
pounds  lifted  one  foot  high  in  one  minute ;   for  the  labor  of  an 
ox  15,000;   for  that  of  a  mxde  20,000;   and  for  that  of  a  horse 
80,000 ;  and  for  a  steam-engine,  or  a  water-wheel,  40,000  may  be 
assumed.    But  as  the  elements  by  which  the  labor  of  such  ma- 
chines is  estimated  are  exceedingly  variable,  wc  calculate  the  size 
of  pumps  according  to  the  quantity  of  water  which  is  to  be  lifted 
by  them.    A  man  may  lift  by  his  arms  a  certain  load  80  times  2 
feet  high,  and  if  he  is  to  lift  80  gallons  10  feet  high  in  a  minute, 
he  must  lift  1  gallon  10  feet  high  with  every  stroke,  or  every 
motion  of  his  body ;  and  as  his  hands  can  move  but  2  feet  high, 
he  must  either  apply  a  lever  of  1 :  5,  or  lift  the  same  quantity  of 
water  which  is  in  the  space  of  the  10  feet  in  height,  only  2  feet 
high.     We  have  seen  above  that  water  in  pipes  should  not  move 
with  a  greater  velocity  than  3  feet  per  second,  and  for  practical 
purposes  2  feet  are  preferable  to  3.    When  water  is  to  be  lifted 
10  feet  high  80  times  in  a  minute,  this  will  give  a  velocity  of 

-gj-   =  13*3  feet,  this  divided  by  2  tumishes  a  motion  nearly  7 

times  too  rapid  for  water  in  pipes.  The  dimension  of  the  pipe 
must  be  such  as  to  contain  1  gallon  of  water  in  1*9  foot  of  length. 
If  now  the  piston  or  the  cylinder  is  equally  wide  with  the  pipe, 
the  man  must  be  placed  so  as  to  make  2  feet  motion  in  producing 
1*9  foot  in  the  pump.  The  piston  or  cylinder  of  a  pump  is  gen- 
erally made  larger  in  diameter  than  the  pipes,  because  the  valve 
contracts  the  passage  in  small  pumps  at  least  to  one  half,  and  the 
cylinder  is  for  these  reasons  one  half  wider  than  the  pipes,  which 
causes  it  to  have  twice  the  area  of  the  pipe.  The  velocity  of  the 
piston  is  therefore  half  that  of  the  water  in  the  pipes,  and  amounts 

1*9 

to  -^  =  "95  of  a  foot  for  each  motion  of  the  man.    This  '95  of  a 

foot  in  length  of  the  cylinder  must  contain  one  gallon  of  water, 
and  as  one  gallon  is  one  eighth  of  a  cubic  foot,  the  diameter  of 
the  piston  must  be,  when  a  gallon  is  215  inches,  equal  to  5  inches. 
In  this  calculation  we  have  not  estimated  the  loss  of  water  caused 
by  the  valves.  K  we  assume  that  this  is  ^  of  the  whole  amount 
of  water  raised  by  each  stroke,  the  diameter  of  the  cylinder  must 
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be  6  inches  in  order  to  furnish  the  80  gallons  per  minute.  To 
this  pump  a  lever  must  be  applied  at  the  longest  end  of  which 
the  man  works.    As  his  motion  is  2  feet,  the  leverage  must  be 

— ,  or  nearly  2  to  1. 

This  calculation  is  applied  to  a  height  of  10  feet,  and  if  the 
motion  is  only  two  feet  the  areji  of  the  piston  must  be  5  times  as 
large,  or  the  stroke  five  times  increased.  If  the  height  to  which 
the  water  must  be  raised  is  20  feet,  the  area  of  the  piston  can  be 
half  of  that  for  ten  feet,  or  the  .stroke  of  the  pump  must  be  dimi- 
nished as  the  height  increases.  Ten  times  the  height  of  water 
requires  a  piston  ten  times  less,  and  ten  times  smaller  pipes  for 
the  same  amount  of  water.  As  the  areas  are  as  the  squares  of 
the  diameters,  the  diameter  of  a  pump  is  inversely  as  the  square 
root  of  the  heights,  or  as  the  square  roots  of  the  quantities  of 
water.  Generally,  the  diameters  of  pumps  are  Did::  VH  x  Q  : 
^h  X  q,  in  which  formula  D  and  d  are  diameters,  H  and  h 
heights,  Q  and  q  quantities. 

Loss  of  Power  in  Pumps, — The  loss  of  power  in  a  pump  is 
caused  by  the  friction  of  the  piston  on  the  sides  of  the  cylinder ; 
friction  in  the  machinery  which  sets  the  piston  in  motion ;  and 
friction  of  water  in  the  pipes  and  valves,  and  impact.  The  fiio- 
tion  of  a  good  metallic  piston  is  not  more  than  j\  or  y'^  of  that 
of  the  power  applied.  Leather,  hemp,  or  India-rubber  cause  j 
loss  of  the  power  applied.  The  loss  by  friction  between  cast- 
iron  and  wrought-iron  is  |  of  the  moving  power ;  it  is  less  be- 
tween brass  and  iron.  Iron  is  very  much  corroded  by  the  water 
of  a  mine,  and  if  the  first  cost  is  not  considered,  it  is  advisable 
to  line  the  pump  cylinders  or  plungers  with  brass.  The  height 
of  a  piston  should  be  at  least  }  of  the  diameter  for  metal  pack- 
ing ;  and  for  steel  rings  at  least  ]•  of  that  length  should  be  the 
length  of  the  packing.  The  friction  caused  by  those  parts  of  the 
machinery  which  set  the  piston  in  motion  is  equal  to  that  of  the 
piston  itself,  when  well  made.  All  other  losses  added  to  the 
above,  increase  the  loss  of  power — in  a  good  pump  to  one-third 
of  the  power  applied;  in  ordinary  pumps  to  one-half;  and  in 
ill-constructed  pumps  to  still  more  than  one-half. 

Length  of  Stroke, — There  must  be  a  certain  limit  to  the  length 
of  stroke ;  it  is  asserted,  that  in  the  largest  pumps  the  stroke 
should  not  be  more  than  8  to  10  feet,  and  in  hand-pumps  pro- 
portionately less.    We  have  seen  on  what  basis  the  stroke  of  a 
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pump  is  calculated  for  any  power.  That  rule,  however,  would 
make  the  stroke  in  heavy  pumps  too  short  A  consideration 
which  has  most  influence  upon  the  length  of  stroke  is  the  loss 
of  water  through  the  valves,  which  amounts  to  a  considerable 
per  centre  in  pumps  with  large  valves  and  short  stroke ;  and 
as  this  loss  is  uniform,  and  is  the  same  for  the  long  or  the  short 
stroke,  it  follows  that  a  long  stroke  oflFers  advantages  in  this 
respect.  Another  consideration  is  the  size  of  the  piston-rods ; 
here  the  advantage  is  in  favor  of  the  long  stroke,  because  the 
force  required  to  move  a  small  piston  is  not  so  great  as  that  to 
move  a  large  one,  and  the  section  of  the  rod  may  be  smaller  for 
these  reasons.  The  only  objection  to  the  long  stroke  is  the  loss 
of  power  by  increased  fnction  in  consequence  of  the  diminished 
diameter.  This  loss  however  is  not  serious,  considering  the  ad- 
vantages of  the  long  stroke.  In  this  respect  the  force-pump  with 
a  plimger  has  advantages  over  the  lifting-pump,  because  it  has 
no  valve  and  its  size  may  be  equal  to  that  of  the  pipes,  while 
that  of  the  lifting-pump  must  be  twice  as  large  as  the  latter,  and 
in  very  large  pumps  at  least  one  and  a  half  times  that  of  the  size 
of  the  pipes.  We  see  no  serious  objections  to  any  length  of 
stroke,  which  is  not  limited  by  practical  considerations.  It  may 
be  urged  that  long  cylinders  cannot  be  bored  correctly  ;  this  is 
no  serious  obstacle,  for  a  plunger  may  be  turned  40  feet  long  and 
be  perfectly  straight  and  round ;  and  if  the  advantages  of  a  long 
stroke  are  so  favorable  as  to  outweigh  those  of  the  lifting-pump 
over  the  force-pump,  there  is  no  objection  to  the  latter. 

Piston-Bods. — In  large  and  also  in  deep  pumps,  the  piston-rod 
is  an  object  of  particular  attention,  and  various  means  have  been 
suggested  to  overcome  the  objections  to  long  rods.  This  circum- 
stance alone,  is  sufficient  to  balance  all  the  advantages  which  may 
arise  fix)m  an  inclined  shaft.  The  pumps  may  be  set  vertically 
in  all  cases,  but  the  pump-rods  are  subject  to  the  direction  of  the 
shafts  and  drifts.  In  inclined  drifts  or  shafts,  a  pump-rod  is  gen- 
erally composed  of  a  number  of  short  rods,  which  are  supported 
and  connected  by  levers  which  rest  on  axes.  In  fig.  71,  is  rep- 
resented a  system  of  such  rods.  These  are  made  of  wood,  mounted 
at  the  ends  with  iron.  The  whole  system  of  these  rods  i)lays  thus 
with  the  oscillating  motion  of  the  crank,  and  as  they  must  be 
necessarily  heavy,  a  great  deal  of  power  is  lost  by  friction.  Iron 
rods  cannot  be  applied  in  these  cases,  because  the  distance  from 
one  support  to  the  other  must  be  made  as  long  as  possible.    This 
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ia  often  with  wooden  roda  50  feet,  and  from  that  to  lOO,  for  one 
length  between  two  supporta.  An  oscillating  motion  of  any  power 
ma,j  thus  be  carried  to  a  considerable  distance ;  it  has  been  ex- 
tended in  old  mines  to  many  thousands  of  feet.  Ia  vertical  shafts, 
similar  pump-rods  are  used ;  of  course  these  are  not  supported  at 


certain  lengths ;  the  wood  ia  screwed  together,  and  if  the  deptb 
of  the  mine  ia  great,  the  rods  are  supported  by  chains  slung  over 
pulleys.  In  figs.  72,  73,  and7i,  we  show  the  arrangement  as  it  is 
commonly  made.  The  pump-rods  are  of  wood,  carefully  spliced, 
and  secured  by  layers  of  timber  and  iron  hoops.  The  sticks  of 
which  the  whole  length  is  composed,  are  carefully  straightened, 
hewn,  and  planed.  We  represent  in  the  engraving  three  parts  of 
the  whole  of  a  pump ;  an  upper  part,  fig.  72,  a  middle  part,  fig.  78, 
and  a  lower  part,  fig.  74.  The  mine  may  be  of  any  depth ;  the 
form  of  the  upper  and  the  lower  parts  is  always  the  same ;  the 
middle  part  is  made  longer  or  shorter,  or  the  number  of  pulleys 
increased,  as  circumstances  may  demand.  We  see  here,  the  lower 
part  of  the  whole  set  of  pumps  consists  of  a  sucking  and  liMng- 
pump,  all  the  other  parts,  however  many  there  may  be,  are  force- 
pumps  with  plungers.  The  weight  of  the  whole  length  of  the  pis- 
ton-rods, plungers,  and  all  the  moving  appendages,  is  here  equal  to 
the  column  of  water,  or  to  the  united  sectional  surfaces  of  the 
plungers,  inclusive  of  the  friction  of  the  water  in  the  pumps,  and 
the  friction  in  the  machinery  of  the  piston-rod.  Hence,  the  weight 
of  the  piston-rod  will  in  its  descent  set  all  the  pumps  in  operation, 
and  the  engine  which  drives  the  pumps  has  merely  to  lift  the 
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piston-rods.  This  arrangement  is  judicious,  for  by  it  the  rods 
are  prevented  from  receiving  the  pushing  force,  and  it  provides 
against  vibrations.  The  rod  has  here  to  sustain  the  direct  strain 
only;  and  as  wood  as  well  as  wrought-iron  is  strongest  when 
the  force  is  directly  applied,  the  material  is  in  this  position  used 
to  the  best  advantage.  Wooden  pump-rods  are  in  this  case,  as 
in  most  others,  preferable  to  metal  rods.  We  shall  endeavor  to 
explain  the  cause  of  this  hereafter. 

In  the  construction  of  pumps  for  deep  mines,  pump-rods  form 
a  most  important  particular.  They  frequently  are  the  only  cause 
why  a  succession  of  pumps  is  set  one  above  the  other,  and  if  we 
endeavor  to  limit  the  number  of  pumps,  we  lose  the  advantage 
arising  from  working  the  pump  by  the  gravity  of  the  rod,  or  we 
are  exposed  to  injurious  vibrations.  K  we  apply  lifting-pumps, 
we  may  raise  a  column  of  water  to  any  height  by  one  pump,  but 
this  requires  generally  ponderous  piston-rods,  and  is  soon  aban- 
doned, and  the  sets  of  pumps  multiplied.  This  division  of  the 
whole  height  of  a  pump  into  various  sets,  is  in  many  respects  ad- 
vantageous ;  the  rods  and  the  pipes  may  be  lighter,  and  all  the 
machinery  connected  with  them,  so  that  a  nimiber  of  pumps  of  a 
certain  height  each  is  preferable  to  one  pump  extending  the  whole 
height.  In  all  cases  where  the  height  of  one  pump  exceeds  the 
advantages  which  may  be  derived  from  the  peculiarity  of  the 
material  of  which  the  pump  is  constructed,  we  limit  that  height 
to  the  nature  of  the  material.  We  have  seen  above,  that  cast- 
iron  pipes  of  6  inches  in  diameter  cannot  be  cast  thinner  than  ^  an 
inch.  If  we  need  pipes  only  6  inches  wide,  it  would  be  disadvan- 
tageous to  take  a  less  height  for  the  pump  than  150  feet,  because 
cast-iron  of  that  thickness  can  bear  the  pressure  of  a  column  of 
water  of  that  height  K  the  pipes  are  wider  than  6  inches,  the 
height  of  the  pumps  must  be  diminished  accordingly,  or  the  thick- 
ness of  metal  increased.  If  the  pump  or  pipe  is  12  inches  wide, 
the  height  can  be  only  75  feet,  or  the  thickness  of  the  iron  must 
be  one  inch.  Are  the  pumps  narrower  than  6  inches  in  diameter, 
either  the  iron  can  be  made  thinner,  or,  which  is  preferable,  the 
height  of  the  pumps  may  be  increased. 

One  set  of  pumps  is  not  often  made  higher  than  150  feet,  and 
from  that  to  100  feet  Each  set  throws  its  water  into  a  firmly 
placed  cistern,  from  which  the  next  pump  sucks  it  The  lowest 
set  or  the  lifting-pump  is  generally  not  very  high,  and  seldom 
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exceeds  40  or  60  feet.  The  water  in  mines  contains  always  a  large 
quantity  of  air,  which  is  mostly  thrown  out  at  the  first  pump :  if 
tills  air  is  permitted  to  pass  into  the  next  pump  an  equal  volume 
of  water  is  replaced  by  air,  and  of  course  the  pump  does  not  throw 
so  much  water  as  calculated.  The  sucking  part  of  the  pump  is 
for  these  reasons  never  very  high,  and  often  it  does  not  exceed  8 
or  10  feet  The  pumps  are  lodged  and  fastened  upon  a  part  of  the 
rock.  In  a  vertical  pit,  this  is  excavated  so  wide  as  to  admit  the 
passage  of  the  platforms  and  of  the  workmen ;  but  the  remainder  of 
the  space  of  the  section  is  appropriated  to  the  pumps.  Such  a  pro- 
jection extends  often  3  feet  into  the  pit,  which  forms,  when  in 
solid  rock,  a  strong  chin  or  bracket.  The  cistern  rests  partly  on  this 
bracket ;  the  largest  part  of  it,  however,  is  sunk  into  the  rock,  a 
chamber  having  been  excavated,  with  a  floor  on  a  level  with  the 
upper  edge  of  the  bracket.  The  bracket  is  generally  some  few  feet 
high,  and  the  shaft  below  resimies  its  usual  form.  The  division 
of  a  pump  in  deep  pits  has  also  other  advantages,  one  of  which  is 
that  of  collecting  the  water  from  each  height  of  a  set  of  pumps. 
The  water  in  coming  down  from  above  one  of  the  cisterns  is 
gathered  into  it  by  means  of  an  inclined  gutter  cut  in  the  rock, 
or  fastened  to  it,  as  shown  in  previous  pages.  If  the  depth  of  the 
mine  is  divided  into  various  work-levels,  the  water  from  each 
level  is  gathered  in  the  next  cistern  below  it. 

Setting  of  a  Pump. — Whenever  a  shaft  is  sunk  to  such  a  depth 
as  to  require  a  pump,  that  is,  if  the  use  of  the  whim  and  the  bar- 
rel cannot  keep  the  mine  dry,  the  first  or  lowest  set  of  pumps  is 
let  down  upon  the  bottom  of  the  pit.  It  consists  of  a  cylinder 
with  a  valve  piston,  and  forms  a  sucking  and  lifting-pump.  This 
is  of  a  size  sufficient  for  the  whole  depth  of  the  mine,  and  when 
once  lowered  it  is  never  raised  again.  It  is  suspended  on  two 
pairs  of  blocks  or  pulleys,  as  represented  in  fig.  75.  It  is  well 
fastened  above,  so  as  to  secure  it  firmly  in  its  place,  and  the 
piston-rod,  which  is  in  the  interior  of  the  straight  pipes,  is  secured 
by  a  stuffing-box.  The  piston  lifts  the  water  high  above  the  top 
of  the  pump.  At  the  upper  part  of  the  highest  pipe  a  leather  hose 
is  attached,  in  which  the  water  is  either  conducted  to  the  nearest 
cistern,  in  case  there  is  already  a  set  of  pumps  fastened  in  the 
shaft;,  or  to  the  surface,  and  discharged.  This  flexible  hose  allows 
the  pump  to  be  gradually  lowered,  as  the  bottom  of  the  pit  is 
sunk  deeper  by  the  workmen.    In  some  cases  the  lower  part  of 
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the  pnmp,  that  is,  the  pipe  with  the  basket,  is  replaced  hy  a 
piece  of  strong  leather  hose,  which  is  flexible,  and  may  be  put 
into  any  pool  in  the  bottom  of  the  pit,  the  workmen  having  pre- 
viously made  a  cavity  for  gathering  the  water.  In  the  drawing 
_     _  we    represent    the    basket  which 

dips  into  the  water  as  composed  of 
parallel  rods,  instead  of  round  holes 
1  bored  into  the  pipe.     These  oblong 
cavities  do  not  fill  so  soon  with  de- 
I  bris  of  rock,  and  may  be  made  nar- 
rer,  a£fordiug  still  a  larger  pas- 
sage for  water  than    round   ap- 
iires.      In  some   instances  the 
!  lowest  part  of  the  pipe  is  provi- 
ded with  a  trumpet'shaped  mouth, 
and  a  basket  is  attached  to  the 
pipe.     The  latter  arrangement  of- 
I  fers  more  basket  surface,  and  is  not 
[  so  liable  to  be  filled  by  particles 
f  rock  as  the  pierced  pipe. 

ProposalofanewrnHhodforset- 
'ng  Pumps. — Most  of  our  mines 
'  are  not  very  deep,  seldom  more 
than  SOO  or  400  feet  Those  of  the  latter  depth  are  very  few ; 
most  of  them  also  are  little  below  the  water  levels  of  the  country, 
and  many  years  may  elapse  before  our  miners  are  compelled  to 
extract  mineral  from  deep  ones.  Many  of  the  mines,  however, 
contain  large  quantities  of  water,  which  prevents  the  working 
of  them.  The  means  required  to  erect  an  expensive  pumping- 
machine  are  comparatively  great,  and  in  most  cases  it  is  not  cer- 
tain that  the  iriinea  will  repay  the  expenses  incurred ;  we  therefore 
propose  the  following  arrangement,  which  may  in  some  instances 
facilitate  the  working  of  a  profitable  mine,  now  dead  for  want  of 
means  to  construct  a  suflicient  number  of  pumpa. 

Any  mine  may  be  worked  by  means  of  inclined  shafts,  and 
if  they  interfere  with  the  erection  of  common  pumps,  and  also 
with  the  hoisting  apparatus,  the  difficulty  may  be  remedied  if  the 
machinery  is  adapted  to  the  peculiar  form  of  the  shaft.  The 
excavating  of  an  inclined  drift  or  shaft  is  on  the  whole  not  more 
expensive  than  that  of  a  vertical  shaft ;  its  length  is  greater,  but 
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the  work  may  be  performed  with  more  ease  and  on  lower  terms 
for  the  removal  of  the  same  amount  of  rock.  We  represent  in 
figs.  76  and  77  this  ayatem,  and  ahall  point  out  its  advantages 
presently.  Fig,  76  shows  an  inclined  shaft,  whose  slope  may  be 
more  or  less  than  45°,  but  in  all  instances  it  should  be  sufficient 
to  admit  of  the  ose  of  carriage  platforms  on  which  the  cars  from 


the  galleries  may  be  driven  aod  hoisted  as  they  come  from  the 
workrooms.  The  shaft  has  the  width  for  one  track  of  railroad, 
calculated  to  carry  as  much  mineral  as  the  mine  may  iumish ; 
the  platform  being  of  sufficient  size  for  taking  as  many  cars  as 
may  be  required  for  one  trip.  The  hoisting  is  therefore  done  all 
on  one  track,  and  as  a  wire  rope  may  he  made  sufficiently  strong 
for  any  load,  no  matter  how  heavy,  there  is  no  objection  to  its 
hoisting  all  the  mineral  on  one  platform.  The  platform  thus 
travels  up  and  down  on  the  same  track,  which  causes  apparently 
a  loss  of  power,  but  not  in  reality,  as  we  shall  see  presently. 
The  wire  rope  which  passes  around  a  guiding  pulley  below,  is 
wound  upon  a  drum  on  the  top  of  the  slope,  or  it  may  be  con- 
ducted over  a  grooved  pulley  and  worked  by  adhesion.  A  drum 
connected  with  the  engine  at  the  top,  upon  which  the  rope  winds, 
has  great  advautages  in  respect  to  the  durability  of  the  rope,  but 
where  economy  in  first  coat  is  an  object  to  the  miner,  the  grooved 
pulley  may  answer  the  purpose.  One-half  of  the  shaft  ia  allotted 
to  the  pumps  and  the  stairs  by  which  the  miners  descend  and 
ascend.     That  part  in  which  the  pumps  are  distributed  is  more 
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distinctly  shown  in  fig.  77.  We  see  there  the  wagon-track  for 
the  platform,  and  a  number  of  pumps  distributed  along  the 
second  rope.    At  each  pump  is  a  pulley,  around  which  the  wire 
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rope  is  slung,  and  this  drives  the  pump.  We  represent  in  the 
drawing  the  pumps  as  sunk  in  the  ground  ;  there  is  no  necessity 
for  doing  this;  they  may  be  laid  on  the  floor  of  the  drift  or  posted 
upright  As  to  rotary  pumps,  any  kind  which  will  furnish 
most  water  by  the  application  of  the  smallest  power  is  right. 
One  condition,  however,  must  be  observed  in  determining  on  the 
plan  for  these  pumps ;  that  is,  the  rope  travels  backwards  and 
forwards,  and  the  pumps  must  work  to  both  motions.  Pumps 
which  are  driven  by  a  crank  offer  no  difiiculty  in  that  respect^ 
although  some  kinds  of  rotary  pumps  work  only  in  one  direc- 
tion. Any  number  of  pumps  may  be  employed  with  the  great- 
est facility ;  and  if  expense  is  a  consideration,  the  cheapest  kind 
of  pumps,  those  which  throw  water  but  40  or  50  feet  high,  may 
be  used.  If,  in  the  course  of  the  work,  it  is  found  that  the 
pumps  in  operation  are  too  small  for  the  labor  assigned  to  them, 
an  addition  to  their  number  may  be  made  instead  of  throwing 
the  old  pumps  out.  The  leading  principle  is  here  to  employ  a 
large  number  of  small  pumps,  of  limited  lift,  instead  of  only  a 
few  reaching  to  a  great  depth,  and  lifting  with  each  set  to  the 
height  of  150  or  200  feet. 

This  system  of  working  a  mine  is  not  confined  to  the  slope ; 
it  may  be  used  to  equal  advantage  in  the  vertical  pit  or  horizontal 
drift,  as  is  shown  in  the  following  figure.  The  inclined  pit  is, 
however,  cheaper  than  the  vertical  one ;  and  as  the  objections  to 
it  are  removed  by  this  kind  of  machinery,  we  consider  it  to  be 
the  most  advantageous  form  for  hoisting,  pumping,  and  ventila- 
tion. K  this  inclined  pit  is  of  the  same  size  as  a  vertical  pit,  and 
if  its  length  is  greater  than  the  latter,  it  may  be  excavated 
cheaper,  particularly  in  stratified  rock.  A  cubic  yard  of  a  ver- 
tical pit  will  cost  at  least  twice  the  price  of  a  cubic  yard  in  the 
horizontal  drift ;  and  if  the  work  in  the  slope  cannot  be  done 
quite  as  cheap  as  in  the  drift;,  it  will  cost  but  little  more.     In  all 
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instances  there  is  not  much  more  room  required  in  the  slope  than 
in  the  shaft. 

In  fig.  78  we  represent  the  same  principle  nt^T^ 

adapted  to  a  vertical  shaft.  la  fact  it  does  not 
make  any  essential  difference  if  the  system  is 
applied  either  to  the  one  or  the  other  form  of 
entrance.  The  chief  objection  to  the  vertical 
shaft  is  its  admitting  only  a  email  platform, 
vhich,  even  if  it  takes  as  much  mineral  as  the 
large  platform  of  the  slope,  or  that  of  the  dnfl, 
it  requires  more  time  to  unload.  Assuming  that 
in  most,  if  not  in  all  cases,  the  dog-cart  is  the 
most  profitable  in  our  mines  of  limited  extent, 
that  cart  must  be  admitted  upon  the  platform  at 
once,  and  also  easily  removed.  When  a  large 
quantity  of  mineral,  such  as  coal,  is  to  be  hoist 
ed,  a  number  of  carts  must  find  room  at  once  on 
the  platform,  without  being  much  crowded  It 
is  not  objectionable  to  make  the  platform  of  an 
inclined  plane  in  the  form  of  steps,  so  that  it 
may  afford  a  large  area.  To  this  arrangement 
there  is,  however,  some  objection  in  the  vertical 
pit,  because  it  would  require  a  high  tower  to 
bring  all  the  platforms,  if  more  than  one,  above 
ground  and  unload  them  with  dispatch  It 
needs  scarcely  to  be  stated  that  the  rope  which 
drives  the  pumps  requires  no  greater  strength 
than  is  necessary  for  that  purpose.  Either  rope,  it  may  be  that 
for  hoisting  or  for  pumping,  has  its  peculiar  size  Both  ropes 
need  not  be  of  equal  size. 

In  respect  to  ventilation,  this  system  offers  peculiar  advan- 
tages. Where  no  air-shaft  can  be  located  conveniently  a  blower 
may  be  placed  at  the  bottom  of  the  pit,  and  driven  by  the  guide 
pulley.  The  changing  rotation  of  that  pulley  is  no  objection, 
for  if  a  common  fan-blower  with  radial  vanes  is  employed,  it  does 
not  make  much  difference  which  way  it  ia  driven.  The  blower  is 
here  at  the  best  place  in  the  whole  mine.  The  air  is  here  heaviest 
and  of  most  force. 

Various  Forms  of  Pumps. — In  conclusion,  we  furnish  varioufl 
forms  of  pumps  now  in  use,  and  select  such  specimens  as  are 
most  suitable  to  secure  the  desired  effect  with  the  least  labor  and 
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expense.  When  water  is  to  be  lifted  only  2  or  8  feet^  the  use  of 
the  common  water-bucket  is  about  as  proj&table  as  any  instrument 
we  could  apply,  particularly  if  no  other  motive  power  but  that  of 
man  can  be  employed.  K  circumstances  admit  of  the  use  of  ani- 
mal power,  or  water,  or  steam-engines,  these  of  course  are  pre- 
ferable to  hmnan  labor,  because  they  are  cheaper.  If  a  unit  of 
power  is  represented  in  that  of  a  horse-power  in  the  steam-engine, 
which  is  by  general  agreement  88,000  pounds  lifted  one  foot 
high  per  minute,  and  we  calculate  the  cost  of  that  unit  in  the 
various  means  by  which  machinery  or  pumps  may  be  driven,  we 
find  the  expenses  for  one  hour  as  follows : — ^The  cost  of  that  unit 
of  power  in  a  water-wheel  is  very  small,  and  amounts  to  the  in- 
terest on  the  capital  invested.  If  we  neglect  this  item  in  all 
cases,  which  properly  may  be  done,  because  it  is  variable  and  de- 
pends chiefly  on  localities,  we  find  the  cost  of  one  horse-power 
in  the  water-wheel  per  hour  a  mere  nominal  sum.  The  same  unit 
causes  in  a  Cornish  steam  engine  the  use  of  8*5  pounds  of  coal, 
to  which  the  wages  of  engineer  and  fireman,  and  also  the  cost  of 
repairs  must  be  added,  which  may  increase  the  expense  about  1 
cent  per  hour  in  large  engines,  and  2  cents  in  small  engines. 
The  price  of  coal  is  very  variable  in  the  United  States,  and  so 
must  be  the  cost  of  power  in  a  steam-engine.  A  common  engine, 
with  crank  and  fly-wheel,  well  made,  and  of  at  least  100  horse- 
power, will  consume  5  pounds  of  coal  for  the  same  power.  A 
steam-engine  of  less  power  and  high  pressure,  will  consume  10 
pounds ;  and  a  small  engine,  of  from  15  to  20  pounds  of  coal  per 
hour  and  per  horse-power.  The  actual  cost  may  be  little  more 
than  1  cent  in  the  best  engines,  and  about  10  cents  in  small  en- 
gines and  with  high-priced  fuel.  A  unit  of  power  will  cost  in  a 
horse  from  20  to  50  cents ;  in  the  ox  and  mule  about  the  same. 
Hxmian  labor  will  cost  at  least  $1  for  the  amount  done  by  the 
water-wheel  for  nothing,  and  by  a  good  steam-engine  for  1 
cent.  As  the  lifting  of  water  is  an  operation  which  requires  con- 
stant and  in  most  cases  great  power,  it  is  well  worth  while  to 
give  close  attention  to  the  engine  which  drives  the  pumps,  and  to 
the  construction  of  the  pumps  also. 

If  water  is  to  be  lifted  only  ten  or  twelve  feet  high,  wooden 
pumps  may  answer  the  purpose ;  but  as  in  this  instance  a  saving 
in  the  cost  of  labor  is  of  importance,  the  common  wooden  pump 
will  not  answer.    Where  only  a  small  quantity  of  water  is  to  be 
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lifted,  the  common  haDd-whim  or  horse-whim  is  used,  as  described 
in  previous  pagea,  together  with  the  barrel  or  kibbel,  the  use  of 
which  is  limited  to  small  mines  or  small  quantities  of  water.  A 
wooden  pump  is  represented  in  fig.  79.  It 
is  constructed  of  two-inch  plank,  and  well 
provided  with  iron  hoops  for  securing  its 
joints.  The  lower  part  of  the  pump  has  a 
short  sucking-pipe,  and  some  projections  to 
sustain  the  lower  extremity  above  the  bot- 
tom of  the  pit  This  sucking-pipe,  which 
may  be  2  feet  long,  is  required  to  prevent 
fri^ments  of  stone  from  entering  the  valve 
and  pump,  because  these  will  drop  in  the 
downward  stroke  of  the  pump  when  the 
water  is  at  rest  in  the  sncking-pipe.  The 
inston  is  a  block  of  wood  through  which 
some  auger-holes  are  bored.  The  piston- 
rod  may  be  either  of  iron  or  wood ;  in  the 
latter  case  it  should  be  mounted  with  iron, 
in  order  to  iasten  it  firmly  to  the  piston. 
The  valves  are  made  of  sole-leather,  or, 
what  is  better,  vtJcanized  India-rubber, 
provided  on  the  upper  side  with  a  piece  of 
sheet  metal,  riveted  to  the  leather.  The  latter 
must  be  large  enough  to  cover  the  whole 
area  of  the  opening,  to  prevent  injury  to 
the  leather.  These  pumps  may  be  made  12  inches  square  inside,  and 
even  wider  than  that,  but  it  is  not  profitable  to  make  them  less 
Uian  6  inches  square.  Water  cannot  well  be  lifted  with  these 
pnmps  to  a  greater  height  than  12  feet. 

Spring-poles  for  Pumps. — The  means  by  which  to  cause  the  os* 
dilating  motion  of  a  pump  piston  are  various.  The  crank  appears 
to  create  the  most  imperfect  motion,  for  any  pump  to  which  it  is 
applied  iumishes  less  water  than  when  other  means  are  used. 
Human  labor  is  generally  applied  to  a  lever  of  unequal  lengths,  on 
the  longer  part  of  which  the  moving  power  acts.  This  appears 
to  be  the  most  profitable  form  of  applying  the  power  to  common 
pumps.  On  board  the  flat-boats,  on  the  western  rivers,  a  kind  of 
square  pump  is  in  use,  which  is  very  imperfect  so  &r  as  the  pump 
itself  and  valves  are  concerned,  but  a  man  may  throw  a  large 


146 


METALLUBOT. 


quantity  of  water  with  ooe  of  them.    Tfaese  pumps  are  piovided 

with  a  spring-pole  instead  of  a  lever.  We  have  found  this  to  be 
aa  efficient  means  of  conducting  power  to  the  pump,  and  con- 
sider it  the  cause  of  the  large  quantity  of  water  raised.  In  adapt- 
ing spring-poles  to  other  pumps,  the  quantity  of  water  raised  is 
greatly  augmented.  The  arrangement  is  in  this  case  as  repre- 
aented  in  fig.  80.     The  rationale  of  this  operation  is  as  follows. 


When  the  elastic  spnng-pole  is  depressed  with  the  piston  to  the 
lowest  point,  the  depressing  force  relaxes,  and  the  pole  letnms 
to  its  former  position,  lifting  the  whole  column  of  water  hy  its 
elasticity  The  change  of  motion  is  here  very  sudden,  and  tends 
to  close  the  valves  quickly,  so  that  not  much  water  can  return 
through  them.  The  rod,  in  moving  the  oolumn  of  water  with  a 
great  velocity,  will  mount  to  a  higher  point  than  actually  belong 
to  it  when  at  rest,  and  return  from  that  elevation  quickly.  This 
returning  motion  may  be  assisted  by  the  moving  power.  The 
sucking-valve  also  is  here  forced  to  shut  quickly  for  the  same 
reason  as  the  piston-valve.  Another  advantage  may  be  found  in 
the  mode  of  applying  the  muscular  powers ;  the  upward  stroke 
being  performed  by  the  rod,  the  muscles  of  the  men  are  free  to 
relax  and  gather  fresh  energy  for  the  next  stroke.  We  allude  to 
this  as  an  important  aid  in  the  motion  of  pistons  in  pumps.  This 
spnng-pole  produces  quite  the  reverse  of  the  crank  motion,  when 
the  latter  is  converted  into  linear  motion.  A  quick  change  is 
caused  by  the  elastic  spring-pole,  and  a  slow  change  by  the  crank. 
If  the  same  power  and  pump  furnish  more  water  when  worked 
by  means  of  the  first^  than  by  the  latter,  the  principle  involved 
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in  lihe  motion  of  the  first  must  be  more  correct  than  in  the  latter. 
This  applies,  of  course,  to  pumpe  generally.  In  constructing 
pomps,  and  particularly  the  connection  between  the  moving 
power  and  the  piston,  we  should  apply  this  aid  in  all  cases.  When 
the  pump  is  driven  by  horses,  oxen,  a  steam-engine,  or  a  water- 
wheel,  which  power  cannot  be  employed  like  that  of  intelligent 
men,  we  should  apply  that  force  to  an  elastic  medium  capable  of 
producing  a  similar  motion  as  the  spring-pole.  We  indicate  in 
the  drawing  the  application  of  a  uniform  rotary  motion,  by 
means  of  cams  to  the  piston-rod  itself  This  may  be  adapted 
to  a  communicating  lever,  or  a  prolongation  of  the  spring-pole ; 
but  in  no  case  will  it  work  to  advantage  when  applied  to  the 
spring-pole  itself,  at  a  place  between  the  pump  and  the  fixed  point 
of  the  spring-pole.  It  is  not  necessary,  and  is  also  impracticable, 
to  employ  a  spring-pole  at  large  and  permanent  pumps,  but  by 
whatever  means  the  motion  is  produced,  it  should  be  of  this 
nature.  The  elastic  medium  has  an  improving  and  regulating 
eflfect  upon  the  action  of  a  pump.  In  attaching 'steam  power  to  a 
pump  it  is  therefore  proper  to  dispense  with  the  fly-wheel,  and 
apply  the  steam  directly  to  the  piston-rod,  or  a  rigid  connection 
with  it  We  observe  here  that  an  elastic  piston-rod  will  be  pro- 
ductive of  the  reverse  eflfect  produced  by  the  spring-pole. 

In  fig.  81  we  represent  a  lifl;ing-pump,  composed  of  iron  pipes, 
and  a  wooden  piston-rod ;  the  latter  is  shod  with  iron,'  where  it  is 
connected  with  the  piston.  In  fig.  82  are  two  sections  of  the  pis- 
ton, the  packing  of  which  may  be  taken  out  and  put  in  from  be- 
low, so  that  both  sucking-valve,  lifting-valve,  and  packing  are 
accessible  from  the  one  valve  chamber,  and  the  piston-rod  need 
not  be  drawn  when  any  thing  happens  to  the  piston,  or  when  the 
packing  or  valve  is  to  be  replaced.  The  packing  is  here  protected 
against  coarse  sand  and  stones  by  the  upper  part  of  the  metallic 
piston,  which  is  made  so  large  in  diameter  as  to  close  very  near 
to  the  sides  of  the  pump.  A  strong  iron  hoop  is  bent  over  the 
sucking- valve  in  the  form  of  a  protecting  arc,  in  order  to  prevent 
injury  to  that  valve  by  the  piston,  in  case  it  should  drop. 

In  fig.  83,  we  represent  a  forcing-pump  with  a  descending 
plunger,  which  may  be  considered  a  specimen  of  a  good  pump  of 
this  kind.  The  weight  of  the  plimger,  which  may  be  modified  by 
inserted  weights  and  piston-rod,  is  here  calculated  to  force  the 
water  into  the  lifting-pipe.  As  the  changes  of  such  a  heavy  rod 
cannot  be  aided  with  a  spring-pole,  the  valves  must  not  open 
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too  &r  or  they  will  be  liable  to  lose  mucli  water.  The  packing 
of  the  stuffing-box  may  be  hemp;  vulcanized  India-rubber  is 
however  better ;  leather  is  frequently  used,  but  anti-fiiction  metal, 
or  brass,  is  preferable  to  either.    The  sooking-pipe  is  never  very 


long  in  these  cases,  that  it  may  not  lose  much  water  by  the  libera- 
tion of  air  from  the  water. 

Fig.  84  ia  a  drawing  of  a  pump  of  the  largest  kind;  the  suck- 
ing-val  ve  is  represented  as  being  open,  and  the  ibrcing-valve  shot ; 
tiie  piston  is  half-stroke,  and  ascending.  This  kind  of  pump  works 
very  advantageously  owing  chiefly  to  the  peculiar  arrangementa 
in  the  valves.    As  this  is  an  object  of  importance,  we  furnish  the 


valve  in  Tarious  figures,  which  represent  Bections  and  views  of 
it    Eg.  85  shows  ft  vertical  section  of  the  valve  when  open ; 


the  movable  part,  as  ia  seen,  rises  to  a  small  height  only,  and  con- 
Bec[aentlj  shuta  very  quickly,  affording  a  large  passage  for  water. 
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In  fig.  86  the  valve  is  represented  as  eliat.    Fig.  S7  shows  a  viev 
of  tlie  valve  shut    Fig.  88  is  a  eectdoii  of  the  immovable  part  of 
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the  valve ;  and  fig.  89  a  Bection  of  the  cap  or  valve  itaelf    Fig. 
90  is  a  view  &om  above. 
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PART  SECOND. 


GENERAL  METALLURGICAL  OPERATIONS. 


CHAPTER    I. 

Assaying, — ^This  term  was  formerly  confined  to  the  analysis 
or  separation  of  the  precious  metals  from  other  metals ;  and  to 
the  determination  of  the  quantity  or  value  of  gold  and  silver  in 
bullion,  coin,  plate,  or  trinkets.  We  apply  this  term  to  the  opera- 
tion which  decides  the  quantity  of  a  certain  kind  of  metal  con- 
tained in  an  ore,  or  in  an  alloy,  if  it  is  performed  by  heat  chiefly, 
in  contradistinction  from  analysis,  or  the  operation  by  moisture. 
Assaying  is  therefore  a  kind  of  analysis  in  the  dry  way ;  and  as 
all,  or  nearly  all,  of  the  metallurgical  operations  are  performed  in 
this  manner,  the  analysis  of  ores  must  be  conducted  by  the  same 
or  similar  means.  In  most  cases  we  want  a  certain  kind  of  metal 
separated  from  the  ore,  and  if  it  should  happen  that  two  or  more 
metals  are  connected,  so  as  not  to  be  separated  in  the  first  assay, 
we  must  adopt  a  subsequent  process.  Other  particulars  are 
of  little  interest  to  the  practical  metallurgist;  he  may  in 
an  approximate  manner  determine  the  compounds  of  the  me- 
tallic ore,  and  arrange  his  fluxes  accordingly,  but  the  defi- 
nite quantity  of  these  foreign  admixtures  he  cannot  detect ;  these 
are  to  be  investigated  by  actual  trial  on  a  large  scale.  The  me- 
tallurgist may  find  the  exact  composition  of  an  ore  by  the  moist 
analysis ;  but  that  analysis  does  not  assist  him  in  forming  a  plan 
of  operation  in  the  smelting  furnace.  And  when  we  consider 
that  the  moist  analysis  requires  much  time  in  its  study,  and 
more  still  in  its  practice,  we  cannot  perceive  any  great  advan- 
tages in  its  application  by  the  metallurgist.  Imperfectly  perform- 
ed, the  moist  analysis  may  do  more  harm  than  an  imperfect, 
dry  assay.  For  these  reasons  we  shall  not  introduce  the  moist 
assay  in  this  work ;  it  is  a  useful  auxiliary  to  the  highly  expe- 
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rienced  metaHurgist,  but  it  consumes  more  time  than  the  practical 
man  can  spare.  The  moist  analysis  belongs  to  the  chemist,  and 
the  dry  assay  to  the  metallurgist. 

Tlie  Blow-pipe. — This  instrimient  which  is  represented  in  fig. 
91  in  one  third  of  its  natural  size,  is  a  pipe  of  thin  sheet  brass,  or 
a  glass  tube  drawn  in  the  proper  form  and  represented  in  fig.  92. 

Figa.  91. 


Fig.  92. 

The  latter  form  may  also  be  given  to  a  brass  tube.  The  blow- 
pipe is  used  to  obtain  a  high  heat  by  forcing  atmospheric  air 
through  a  common  flame  of  oil,  tallow  or  wax,  or  alcohol.  There 
are  various  forms  of  the  blow-pipe  of  no  interest  to  us,  such  as 
the  table  and  the  oxygen-hydrogen  blow-pipe.  The  instrument 
represented  above  is  quite  sufiicient  for  all  our  purposes ;  it  forms, 
with  a  few  fluxes,  a  complete  laboratory  to  the  metallurgist.  By 
putting  the  mouth  to  the  wide  end  of  the  blow-pipe,  and  urging 
a  blast  of  air  horizontally  through  the  flame  of  a  candle  or  a 
lamp,  the  flame  will  assume  a  horizontal  or  inclined  direction, 
instead  of  the  vertical  one.  The  white  light  of  the  flame  disap- 
appears  entirely,  and  a  blue  cone  of  light  with  a  yellow  inclosure 
represents  it.  The  more  moisture  the  air  contains  which  we 
force  through  the  pipe,  the  more  reddish  yellow  is  the  flame  out- 
side and  dark  inside.  In  order  to  condense  the  moisture  the  blow- 
pipe, fig.  91,  has  been  contrived ;  the  moisture  which  is  blown  in 
by  the  breath  is  condensed  in  the  wide  part  at  one  end,  and  does 
not  disturb  the  flame.  This  kind  of  blow-pipe  is  more  useful  for 
our  purposes  than  that  of  the  jeweller,  fig.  92,  because  the  pres- 
ence of  n^oisture  is  injurious  to  some  tests.  The  opening  which 
is  inserted  in  the  flame,  and  which  produces  the  jet,  should  be 
round  and  about  the  size  of  a  small  pin. 

Any  flame  will  serve  the  purpose  of  some  experimental  tests, 
but  not  of  all.  A  wax  flame,  or  an  oil  flame,  is  the  most  gen- 
erally useful ;  alcohol  serves  in  a  few  cases  for  roasting.    To  fur-, 
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nish  particular  information  as  to  the  mode  of  forming  the  flame 
is  not  required;  a  few  experiments  will  soon  enable  the  operator 
to  succeed  in  hia  attempts  at  producing  a  continual,  uniform  cur- 
rent of  blast  In  fig.  93  we  represent  \he  manner  in  wbich  the 
blow-pipe  is  applied.    The  cheeks  rn. «. 

we  slightly  distended,  the  air 
drawn  in  by  the  nostrils,  and  in 
that  way  a  uniform  current  is 
produced  at  that  extremity  of  the 
blow-pipe  which  is  held  in  the 
Same.  The  flame  thus  produced 
by  the  candle  and  blow-pipe  may 
be  made  to  turn  in  any  direc- 
tion ;  the  current  of  blast  directs 
the  flame  in  its  course.  Within  the  cone  of  flame  thus  pro- 
duced, there  is  an  excess  of  oxygen,  and  the  flamo  itself  is  hardly 
visible ;  the  exterior  of  the  cone  having  little  oxygen  is  reddish 
oflen,  but  always  free  from  white  light  when  the  flame  is  properly 
conducted  and  the  candle  in  good  trim.  The  extreme  end  of  the 
blue  interior  flame  is  hottest,  and  is  in  some  measure  a  reducing 
flame ;  here  is  an  abundance  of  carbon  which  is  inclined  to  com- 
bine with  more  oxygen.  Metallic  oxides,  therefore,  in  being  held 
in  this  part  of  the  flame,  are  often  reduced  to  metals.  The  tip  of 
the  flame,  that  is,  that  part  where  all  the  oxygen  from  the  atm<»- 
phere  is  concentrating,  has  an  excess  of  oxygen,  the  temperature 
is  here  very  high,  and  metals  held  in  this  extreme  part  of  the 
flame  will  oxidize.  The  flame  thus  generated  by  the  force  of  the 
blast  is  directed  upon  tbe  substance  under  examination,  which  is 
placed  upon  a  piece  of  hard,  close  charcoal,  made  of  beach  or 
augar-maple  wood,  the  best  face  of  which  is  selected.  A  small 
cavity  is  then  scraped  into  it  with  the  blunt  point  of  a  knife,  and 
the  hole  carefully  examined  for  fissures  or  cracks,  into  which  a 
globule  of  metal  may  pass. 

Re-agents. — Charcoal  is  a  powerful  re-agent,  assiatii^  in  the 
detection  of  substances  which  cannot  be  found  without  its  aid.  It 
is  therefore  not  an  indiScrent  matter  to  see  what  kind  of  charcoal 
we  employ.  In  most  cases  hard  charcoal  is  preferable,  because  la 
most  of  our  tests  a  high  heat  is  required,  which  soon  destroys 
soft  charcoal,  such  as  pine  and  willow.  When  very  fusible  metals 
are  under  treatment  it  may  be  advantageous  to  use  soft  charcoal, 
but  these  cases  do  not  happen  often.     The  property  of  Dou-con- 


164  METALLUBGT. 

ducting  heat  in  charcoal  is  of  considerable  influence  in  this  "prch 
cess ;  we  cannot  reduce  any  metallic  oxide  on  a  coke  or  anthra- 
cite support ;  they  may  serve  for  roasting  or  oxidation,  but  they 
cannot  assist  in  reduction.  In  this  respect  the  support  co-op- 
erates with  the  flame.  Good  charcoal,  made  of  young  wood,  will 
imbibe  the  slags  which  may  be  formed  by  the  operation,  and  re- 
ject the  metal ;  bad  coal,  or  open  coal,  will  absorb  both  metal  and 

slag. 

Oarbonate  of  Soda  is  an  invaluable  material  in  vitrifying  the 
foreign  admixtures  of  a  metallic  ore ;  it  absorbs  silex,  alumina, 
and  other  earths  which  are  commonly  intferfering  with  the  pro- 
cess of  reduction.  It  removes  these  bodies  from  contact  with 
the  oxides  which  are  to  be  reduced,  and  exposes  the  latter  to  the 
influence  of  carbon,  which  takes  away  their  oxygen.  When  we 
want  to  know  if  a  substance  is  soluble  in  soda,  that  is,  to  test  it 
only,  BO  far  as  to  ascertain  if  it  is  an  alkali,  or  an  acid  in  respect 
to  soda,  we  mix  some  soda  with  the  substance  finely  powdered, 
and  expose  it,  fastened  to  the  point  of  a  wire,  to  the  influence  of 
the  flame.  We  may  also  dissolve  sulphurets,  such  as  iron  or 
copper  pyrites,  in  carbonate  of  soda,  and  by  these  means  make 
the  ore  soluble  in  water,  which  will  extract  the  soda  and  leave 
the  sulphuret  in  the  form  of  a  fine  powder  at  the  bottom  of  the 
vessel.  Many  oxides  may  be  recognized  in  the  flame  when  in 
contact  with  soda. 

Oyanide  of  Potassium, — This  is  a  very  valuable  re-agent  in  the 
operations  with  the  blow-pipe ;  it  reduces,  and  in  the  mean  time 
fluxes  the  test.  This  substance,  when  used  somewhat  to  excess, 
will  reduce  the  most  sensitive  metals,  such  as  antimony  and  ar- 
senic. It  reduces  oxides  and  sulphurets  with  equal  facility. 
When  this  flux  is  pure,  it  fuses  readily ;  but  when  impure,  it  is 
more  refractory,  and  must  be  mixed  with  some  carbonate  of 
soda,  or  in  some  instances  with  borax.  This  mixture  is  the  most 
useful  and  effectual  in  all  operations  with  the  blow-pipe ;  and  if 
no  other  substances  can  be  obtained,  these  ought  to  be  at  hand 
always. 

Botox, — This  substance  shows  a  strong  affinity  for  metallic 
oxides,  and  it  will  dissolve  them  either  singly  or  in  combination. 
It  disposes  sulphurets  to  decompose  in  order  to  combine  with 
their  metallic  oxides.  It  is  the  most  important  substance  for 
testing  the  nature  of  a  mineral.  When  common  borax  of  the 
shops  is  heated,  it  forms  at  first  a  white  spongy  mass ;  and  if  we 
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oonliime  to  heat  it,  pressing  it  down  into  a  clay  or  Hessian  crud- 
ble,  it  melts  at  a  brown-red  heat  into  a  clear  transparent  glass. 
This  glass  when  pounded  fine  is  the  substance  which  we  make 
use  of  in  blow-pipe  experiments.  When  we  heat  a  platinum 
wire  to  redness,  and  dip  it  into  powdered  borax,  it  will,  when 
heated  again,  form  a  round  globule  of  borax  glass  at  its  lower 
extremity.  This  globule  is  brought  in  contact  with  the  hot  speci- 
men to  be  tested,  and  the  flame  applied ;  it  will  now  absorb  some 
of  the  hot  specimen,  dissolve  it,  and  show  by  its  color  what  kind 
of  mineral  is  under  examination.  This  test  must  be  made  by 
means  of  the  spirit-lamp,  or  alcoholic  flame.  The  color  of  the 
glass  formed,  when  cold  or  warm,  when  in  the  oxidizing  part  of 
the  flame,  or  in  the  reducing  flame,  is  in  many  cases  a  decisive 
test,  if  it  forms  metal  in  the  latter,  or  merely  changes  its  color. 

Minerals  are  very  seldom  pure,  that  is,  consist  of  one  metallic 
basis ;  many  are,  however,  so  little  adulterated  with  other  matter 
that  a  test  with  fluxes  and  the  oxidizing  flame  of  the  blow-pipe 
is  of  great  service.  We  will  mention  here  some  few  tests  of  this 
kind.  Lime  is  infusible  by  itself,  but  gives  a  strong  light ;  with 
borax  it  melts  into  a  colorless  glass.  It  is  not  soluble  in  carbo- 
nate of  soda.  Both,  when  heated  together,  are  absorbed  by  the 
charcoaL  Magnesia  acts  like  lime.  Alumina  is  infusible  by 
itself;  it  melts  with  borax  into  a  colorless  glass,  and  if  much 
alumina  is  present  the  glass  is  opaque :  carbonate  of  soda  does 
not  dissolve  this  substance.  Oxide  of  antimony  sublimes  by 
itself^  and  colors  the  flame  a  greenish-blue ;  with  borax  it  forms  a 
yellow  glass  when  hot,  and  colorless  when  cold,  in  the  oxidizing 
flame.  In  the  reducing  flame  it  forms  a  gray  vitreous  mass,  and 
shrinks.  With  carbonate  of  soda,  or  a  mixture  of  cyanide  of 
potassium  and  soda,  it  forms  a  metal  which  easily  evaporates  in 
white  smoke  in  the  flame.  The  metal  is  very  fusible  and  brittle. 
Oxide  of  bismuth  is  Aisible,  and  forms  on  wire  a  dark-brown  glass 
while  hot,  and  a  yellow  glass  when  cold ;  it  forms  metal  on  char- 
coal, and  with  borax  it  melts  into  a  colorless  bead.  With  carbo- 
nate of  soda,  it  forms  metal  on  a  coal  support  Oxide  of  chrome 
does  not  change  in  the  flame  when  alone ;  it  forms  with  borax  a 
bead  which  is  red  while  hot,  but  changes  into  green  when  cold 
and  under  the  oxidizing  influences:  when  the  mixture  is  ex- 
posed to  the  reducing  flame  it  is  always  green.  With  carbonate 
of  soda  it  melts  to  a  dark  orange  glass  when  hot  and  oxidized, 
and  becomes  opaque  when  cold.    In  the  reducing  flame  it  is 
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always  opaque  and  orange,  changing  to  green  when  cold.  Oxide 
of  cobalt  is  unchangeable  by  itself  but  it  forms  a  characteristio 
deep-blue  glass  with  borax.  It  is  reduced  on  charcoal  when 
mixed  with  carbonate  of  soda,  forming  a  gray  magnetic  powder. 
The  oxide  of  copper  fuses  in  the  oxidizing  flame ;  in  the  reducing 
flame  it  forms  metal :  with  borax  it  forms  a  green  glass  in  the 
oxidizing  flame,  and  in  the  reducing  flame  brown^red ;  with  soda 
it  is  reduced  on  charcoal,  giving  malleable  metal.  Peroxide  of 
iron  is  unchangeable  in  the  oxidizing  flame;  in  the  reducing  fire 
it  blackens  and  becomes  magnetic  oxide.  It  forms  a  bright-red 
glass  when  heated  with  borax,  which  changes  to  a  pale  dirty-red 
when  cold,  in  the  oxidizing  flame.  In  the  reducing  flame  it  forms  a 
bottle-green,  often  black-green  glass.  With  soda,  or  alkaline  flux, 
it  forms  metal  on  the  charcoal  support,  which  appears  as  a  dark 
magnetic  powder.  Oxide  of  lead  shows  at  first  a  clear  blue  flame, 
after  which  it  fuses  to  an  orange-yellow  glass ;  on  a  charcoal  sup- 
port it  is  reduced  to  metal.  With  borax  it  forms  a  yellow  glass 
when  hot,  which  is  nearly  colorless  when  cold.  When  this  oxide 
is  mixed  with  alkaline  flux,  it  forms  metal  instantly  on  charcoal; 
in  the  alcoholic  flame,  on  wire,  it  forms  a  transparent  yeUow 
glass  with  carbonate  of  soda.  Oxide  of  manganese  is  infusible 
alone,  and  changes  its  colors  to  brown ;  with  borax  it  melts  to  a 
black  glass  when  much  manganese  is  used ;  when  little  oxide 
and  much  borax  are  melted  together  in  the  presence  of  carbon, 
the  result  is  an  amethyst-colored  glass ;  and  if  brought  within 
the  reducing  flame  on  charcoal,  it  is  colorless,  and  remains  so 
when  quickly  cooled.  With  soda  it  melts  to  an  opaque-green 
glass  in  the  oxidizing  fire,  and  on  a  foil  of  platina.  This  test  is 
characteristic  of  manganese.  Oxide  of  nickel,  is  not  changed  by 
heat ;  with  borax  it  melts  to  an  orange-red  glass,  which  is  almost 
colorless  when  cold.  In  the  reducing  flame  on  charcoal  this 
glass  becomes  gray.  This  color  is  caused  by  reduced  metaiL 
With  soda,  it  forms  a  magnetic  powder  of  metal  on  charcoaL 
Oxide  of  silver  is  instantly  reduced  to  metal  when  brought  within 
the  flame.  It  forms  a  white  opaque  glass  with  borax,  and  is 
partly  reduced  to  metal  in  all  instances ;  with  alkaline  fluxes  it 
forms  metal  directly  when  brought  in  the  flame.  Oxide  of  tellu- 
riiun  imparts  to  the  flame  a  green  color,  fuses  and  sublimes; 
on  charcoal  it  is  easily  reduced  to  metal.  With  borax  it  melts 
to  a  colorless  glass  in  the  oxidizing  flame ;  in  the  reducing  flame 
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ihe  glass  is  gray.  With  carbonate  of  soda  it  acts  as  with  borax, 
but  less  distinctly.  The  oxides  of  tin  are  converted  into  sesqui- 
oxide,  becoming  dirty-yellow  in  the  oxidizing  flame;  it  forms 
metal  after  protracted  heating  on  the  charcoal  support  and  in  the 
reducing  flame.  With  borax  it  forms  a  clear  glass,  and  with  al- 
kaline fluxes  it  is  easily  reduced  to  metal  on  charcoal.  Titanic 
acid,  is  not  altered  in  the  flame  when  exposed  to  it ;  with  borax 
it  melts  to  a  colorless  glass,  which  becomes  opaque  in  cooling. 
In  the  reducing  flame  it  becomes  first  yellow,  then  amethyst,  and 
darkens  in  cooling.  With  carbonate  of  soda  it  dissolves  with 
eflTervescence,  forming  a  feint  yellow  glass,  which  becomes  gray 
on  cooling.  It  forms  no  metal  on  charcoal.  Zinc,  the  oxide 
of  this  metal,  forms  a  strong  whitish-green  flame ;  it  is  slightly 
yellow  when  hot,  but  turns  white  in  cooling.  With  borax  it 
forms  a  transparent  glass,  which  becomes  milky  by  an  inter- 
mittent flame;  in  the  reducing  flame,  it  forms  metal  which  is 
quickly  evaporated.  Alkaline  fluxes  do  not  alter  it  in  the  oxi- 
dizing flame;  it  is  reduced  on  charcoal,  and  in  the  reducing 
flame.  The  metal  bums  readily  and  forms  a  white  flocculent 
oxide,  which  is  yellow  when  hot 

V  Operation  with  Borax. — ^To  perform  the  operation  of  smelting 
00  as  to  produce  the  described  effects,  requires  some  dexterity 
and  skill.  We  annex  for  this  reason  the  following  notes.  The 
test  with  borax  is  generally  the  most  characteristic,  and  in  order 
to  succeed  well  with  it,  the  minerals  must  be. brought  to  the 
highest  state  of  oxidation:  the  manner  of  producing  this,  we 
shall  speak  of  hereafter.  All  substances  which  contain,  besides  a 
metallic  oxide,  also  alkaline,  or  neutral  or  acid  earths,  must  be 
melted  on  the  platinum  wire,  or  on  platinimi  foil.  The  formation 
of  a  clear  bead  of  borax  is  the  first  object  which  requires  our 
attention.  A  single  wire  of  platinum  does  not  form  a  large  glo- 
bule. We  bend,  therefore,  a  platinum  wire,  and  form  a  small 
loop  at  one  end ;  this  loop,  when  heated  and  dipped  into  ground 
borax,  is  covered  with  melted  borax  when  heated  again,  forming 
a  perfectly  clear  pane  of  glass  over  the  loop.  If  sufficient  borax 
is  not  obtained  at  the  first  dip,  the  operation  is  repeated  until  the 
area  of  the  loop  is  covered.  When  the  borax  is  pure,  the  melted 
glass  is  perfectly  clear ;  if  any  traces  of  color,  or  a  dimness  ap- 
pears, the  borax  must  be  removed  from  the  wire  and  another 
trial  made  with  fresh  borax.  The  cause  of  this  impurity  may 
have  been  on  the  wire,  or  in  the  flame.    When,  aft«r  melting,  the 
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glass  is  found  perfeotly  dear,  and  in  sufficient  quantity  to  £>rm  i| 
bead,  the  borax  is  separated  from  the  wire  by  means  of  a  sudden 
jerk  of  the  hand  in  which  the  wire  is  held.  This  operation  must 
be  performed  with  quickness ;  it  is  done  by  striking  the  hand 
on  a  table,  holding  the  wire  with  the  melted  borax,  over  a 
porcelain  dish  or  saucer:  the  fluid  borax  will  thus  separate  and 
fell  into  the  saucer,  forming  a  round  bead.  This  globule  of 
borax  is  taken  in  a  fine  pincers  and  moistened  on  one  side  by 
the  tongue ;  it  is  then  dipped  in  the  finely-powdered  mineral, 
and  melted  together  with  it  on  the  platinum  foil  or  on  the  char- 
coal, as  the  case  may  be.  In  many  instances  it  is  preferable  to 
attach  but  a  small  splinter  of  the  mineral  to  the  bead,  because, 
fine  powder,  if  it  is  not  altogether  soluble,  is  very  apt  to  adhere 
to  the  borax  and  impair  its  clearness,  so  that  the  color  cannot  be 
distinguished  which  it  forms  with  some  parts  of  the  mineral** 
When  the  test  is  spoiled  by  insoluble  matter,  it  is  not  so  appa- 
rent with  borax  as  with  other  fluxes.  Some  matter  is  insolu- 
ble in  borax  and  will  cause  dimness  or  even  roughness  of  the 
bead.  Some  substances  will  form  an  opaque  glass  if  the  flame 
is  not  directed  properly  upon  them.  K  the  substanoe  is  of  sooh 
a  kind  that  the  reducing  flame  will  cause  a  inilkiness,  the  TQ17 
tip  oi  the  flame  is  directed  upon  it  in  a  regular  blast;  for  the 
least  flickering  of  the  flame  will  quickly  cause  the  milkine8& 
This  happens  particularly  with  the  alkaline  earths,  and  the  earths 
proper,  with  the  titanic  acid  and  tantahc  acid.  The  oxides  of 
iron,  manganese,  silex,  and  clay,  are  not  subject  to  this  disorder. 
The  presence  of  silex  prevents,  in  most  cases,  the  bead  from 
being  opaque,  even  when  the  substances  present  would  cause  it 
to  be  so.  In  all  cases  it  is  necessary  to  use  sufficient  borax ;  for 
some  matter  is  only  partially  soluble,  and  will  cause  the  borax 
glass  to  become  dim,  or  show  no  distinct  color  when  in  exoeasL. 
When  it  happens  that  the  bead  is  well  vitrified,  but  the  quanti^ 
of  mineral  which  has  been  used  is  so  large  as  to  prevent  its  trans- 
parency, the  bead  may  be  flattened  when  hot  so  as  to  make  it 
thinner,  or  it  may  be  taken  by  the  pincers  and  a  fine  thread 
drawn  from  it.  In  either  case,  we  shall  recognize  the  color 
which  the  mineral  imparted  to  the  borax.  As  this  test  is  a  deli- 
cate operation,  it  requires  that  no  objects  shall  be  near  which 
may  reflect  a  particular  color  to  the  glass  under  examination,  or 
that  the  borax  be  examined  by  colored  glasses.  A  lens  may  be 
used  in  these  examinations,  but  in  such  a  manner  as  not  to  im« 
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part  its  own  colored  rays  to  the  glass.  The  specimen  mu3t  be, 
therefore,  in  the  focus  of  the  lens.  In  all  cases  it  is  nece^»aiy 
that  no  reducing  influences  should  be  exerted  upon  the  bead; 
and  to  be  perfectly  safe  in  this  respect,  the  alcohol  flame,  and 
foil  support,  and  a  steady  blast,  are  required.  Instead  of  the 
foil  the  platinum  wire  may  be  used,  but  it  requires  more  expe- 
rience. 

If  the  combination  of  borax  and  the  mineral  is  thus  observed, 
which  must  be  presumed  to  have  been  performed  under  the  in- 
fluence of  the  oxidizing  flame,  either  the  same  specimen  may  be 
subjected  to  the  reducing  flame,  or  a  new  bead  may  be  melted 
and  exposed  to  that  influence.  Some  of  the  metals  may  be  ex- 
posed on  the  foil  or  the  wire  to  the  reducing  flame  of  an  oil  lamp, 
or  a  wax  or  spermaceti  candle,  particularly  those  metals  which 
cannot  be  reduced  to  the  metallic  state  in  that  flame,  such  as  oxide 
of  iron,  and  the  oxides  of  cerium,  manganese,  cobalt,  uran,  chromi- 
um, titanic  acid,  and  a  few  others.  If  the  mineral  contains  ox- 
ides which  are  reduced  easily,  and  may  combine  with  the  plati- 
num, such  as  zinc,  nickel,  cadmiiun,  lead,  bismuth,  copper,  silver, 
and  antimony,  it  is  necessary  that  the  test  should  be  made  on  the 
charcoal  support.  In  all  cases  of  doubt  it  is  advisable  to  perform 
the  operation  on  the  coal.  A  good  hard  coal  is  for  this  purpose 
selected,  a  small  cavity  is  scraped  out,  and  the  reducing  part  of 
the  flame  is  directed  uninterruptedly  upon  the  bead.  A  few  mi4- 
utes'  blowing  is  sufficient ;  the  globule  is  taken  in  a  pair  of  broad, 
flat  pincers,  squeezed  flat  and  removed  fix>m  the  coal,  and  ex- 
amined by  transmitted  light  when  hot ;  we  may  now  observe  the 
oolor  as  it  gradually  cook.  The  flattening  of  the  bead  is  in  all. 
cases  necessary,  for  most  of  them  do  not  transmit  much  light 
when  in  a  thick  body.  The  removal  of  the  bead  from  the  coal  is 
also  requisite,  because  when  the  globule  is  permitted  to  remain 
on  the  hot  coal,  it  may  oxidize,  and  alter  its  color  to  that  of  the 
oxidized  bead.  In  this  instance,  we  always  find  the  coal  covered 
with  a  film  of  a  metallic  oxide,  in  case  the  mineral  contains  any 
of  the  volatile  metals,  such  as  lead,  antimony,  zinc,  bismuth,  and 
cadmium. 

A  flux,  which  is  in  many  instances  valuable  as  a  test  of  me- 
tallic oxides,  is  phosphate  of  soda  and  ammonia,  often  called 
microcosmic  salt.  This  re-agent  does  not  differ  in  its  action  from 
borax;  it  causes  the  bead  to  be  more  dear  and  distinct  The 
color  of  it  is  more  readily  recognized  in  those  instances  where  a 
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large  quantity  of  olex  is  in  the  mineral,  because  the  silex  is  not 
soluble  in  this  salt,  and  if  we  select  a  splinter  of  the  mineral  for 
examination,  the  silex  is  found  in  the  centre  of  the  bead  as  a  gel- 
atinous mass.  The  operation  with  this  flux  is  similar  to  that  with 
borax,  with  the  diflference  that  the  loop  in  the  wire  must  be 
smaller,  because  the  flux  does  not  adhere  very  weU  to  the  pla- 
tinum. 

Operation  with  Soda. — Alkaline  fluxes  dissolve  earthy  matter, 
and  in  most  cases  produce  metals  from  metallic  ores.  The  carbo- 
nate of  soda  dissolves  a  number  of  substances  quite  easily.  Some, 
however,  such  as  silex,  titanic  acid,  and  a  few  other  mineral  acids, 
require  a  rather  high  heat,  and  are  liable  to  be  absorbed  by  the 
pores  of  the  coal  support.  The  manipulation  with  soda  is  as  fol- 
lows: the  substances  must  be  pulverized,  soda  as  well  as  mineral ; 
a  little  of  each  is  taken  on  the  point  of  a  knife  and  mixed  with  a 
little  moisture  in  the  lefl;  hand,  so  that  the  mixture  forms  an  ad- 
herent pasty  mass.  K  the  mineral  is  in  splinters,  which  cannot 
be  rubbed  fine,  the  soda  is  laid  around  it,  forming  a  cover  to  it. 
The  mixture  is  now  exposed  to  a  gentle  heat  on  a  coal  support 
to  expel  the  water,  after  which  the  soda  is  melted  as  it  flows  over 
the  coal.  Soon  as  the  mineral  is  sufficiently  hot  it  absorbs  the 
soda  again,  which  now  foams  in  the  process  of  combination.  The 
fire  should  not  be  too  powerful  at  this  time,  but  merely  sufficient  to 
melt  the  soda.  If  the  test  is  insoluble  in  soda,  the  mass  does  not 
form  a  round  globule,  but  appears  of  an  irregular,  spongy  form. 
In  many  instances  the  mineral  may  be  hardly  soluble  in  a  little 
soda,  in  which  case  the  addition  of  a  little  more  soda  will  cause 
the  formation  of  a  bead.  Some  substances  will,  however,  not 
melt  together  with  the  alkaline  flux.  The  test  with  soda  depends 
chiefly  on  the  alterations  which  that  substance  forms  with  min- 
erals when  applied  in  larger  or  smaller  quantities,  a  description 
of  which  would  lead  us  beyond  the  scope  of  this  work.  We  shall 
therefore  confine  our  remarks  chiefly  to  the  reducing  qualities  of 
soda. 

This  test  shows  the  minutest  parts  of  metal  which  may  be 
contained  in  a  mineral,  and  is  in  that  respect  more  valuable  and 
correct  than  the  moist  analysis.  Some  metallic  ores  may  be  re- 
duced on  the  charcoal  support  without  the  addition  of  flux ;  al- 
though with  the  addition  of  an  alkaline  flux,  the  metals  are  pro- 
duced with  facility.  The  oxide  of  tin  produces  metal  on  coal  in 
the  reducing  flame,  but  with  the  addition  of  soda  it  acts  quickly. 
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When  a  metallic  ore  is  a  combination  of  metal  and  such  mat- 
ter as  it  is  difficult  to  dissolve  in  soda,  the  particles  of  metal  pro- 
duced are  often  so  small  that  they  cannot  be  recognized  by  the 
eye  with  the  assistance  of  a  lens.  In  all  instances  the  operation 
is  the  same ;  the  ore  is  powdered  and  the  test  prepared  as  de- 
scribed above;  when  the  soda  disappears  in  the  pores  of  the 
charcoal,  more  soda  is  added,  and  the  fire,  with  the  addition  of 
soda,  continued  as  long  as  a  part  of  the  test  specimen  remains  on 
the  coal,  or  until  the  coal  is  saturated  with  soda,  and  the  matter 
remains  on  the  surface  of  it  exposed  to  the  reducing  flame.  When 
all  parts  of  the  ore  are  thus  melted,  no  matter  whether  combined 
with  soda  or  not,  the  coal  is  moistened  by  a  few  drops  of  water 
and  the  solid  contents  scraped  oflF  by  a  knife,  so  that  all  the  soda 
is  recovered.  The  matter  is  rubbed  in  a  porcelain  mortar  to  a 
fine  powder  with  a  little  water,  then  the  powder  is  well  stirred, 
and  the  water  gently  cast  oflF  from  the  sediment.  A  repetition 
of  this  operation  will  remove  all  the  light  particles  of  carbon, 
earths,  and  all  the  soda,  while  the  heavy  particles  of  metal  re- 
main in  the  mortar  and  may  be  recognized  on  being  flattened  by 
the  pestle  or  any  smooth  and  hard  instrument.  When  the  min- 
eral contains  no  metal  which  may  be  reduced  in  the  presence  of 
soda,  or  if  any  sulphur  is  present,  or  if  the  operation  is  ill 
performed,  nothing  remains  in  the  mortar.  If  there  is  any  metal 
produced,  it  will  either  remain  as  a  fine  globule,  or  in  the  form 
of  a  black,  heavy  powder.  The  fusible  metals  form  large  grains ; 
iron,  or  metals  which  require  a  strong  heat  for  melting,  appear  in 
the  form  of  a  fine  powder.  By  these  means  a  very  small  quan- 
tity of  metal  may  be  detected  in  a  mineral  which  may  escape  ob- 
servation in  any  other  form  of  analysis.  A  little  tin  or  copper, 
not  more  than  \  per  cent  of  the  test  specimen,  can  be  detected, 
provided  these  metals  are  not  connected  with  other  metals  in  the 
same  ore ;  if  this  is  the  case,  some  of  the  metals  generally  meU 
together,  form  an  alloy,  and  are  to  be  assayed  as  such.  Metals 
which  may  be  detected  by  this  test  are  molybdenum,  tungste- 
nium,  antimony,  tellurium,  copper,  bismuth,  tin,  lead,  zinc, 
nickel,  cobalt,  and  iron.  Other  metals,  such  as  arsenic,  cad- 
mium, and  mercury,  are  also  formed,  but  these  evaporate.  For 
the  detection  of  alumina  a  solution  of  cobalt — nitrate  of  cobalt — 
is  generally  used.  It  has  little  influence  in  most  of  our  operations, 
for  which  reason  we  refi*ain  from  alluding  to  it  particularly. 

Boasting. — K  this  operation  is  performed  with  soda,  or  any 
11 


162  METALLUROY. 

other  alkaline  fiux,  the  mineral  should  be  bron^t  into  the  state 
of  an  oxide  and  be  firee  from  sulphur.  Boasting  is  a  process  of 
oxidation,  and  may  be  performed  with  the  assistance  of  the 
blow-pipe.  The  mineral  is,  for  this  operation,  finely  powdered^ 
and  this  powder  is  placed  in  a  veiy  shallow  cavity  upon' the  face 
of  a  piece  of  hard  coaL  The  blow-pipe  is  now  directed  upon  it. 
and  the  extreme  point  of  the  flame  performs  the  process  of  oxida- 
tion. All  the  sulphur  or  arsenic  is  not  expelled  by  this  method ; 
a  part  of  it  remains  in  the  metal  in  the  form  of  an  acid  and  is  stili 
combined  with  the  mineral.  When  the  smell  of  sulphur  ceases, 
the  reducing  part  of  the  flame  is  directed  upon  the  mineral,  in 
which  operation  most  or  all  of  the  arsenic  in  the  form  of  metal  is 
evaporated.  The  sulphur  being  in  this  process  once  more  re- 
duced, may  be  now  partly  expelled  in  the  oxidizing  flame.  When 
this  process  of  oxidation  and  reduction  has  been  repeated  differ- 
ent times,  and  the  mineral  is  well-oxidized  on  one  side,  it  is 
turned  and  the  under  side  exposed  to  the  same  operation.  After 
repeated  heatings  it  is  put  into  a  mortar,  rubbed  fine,  and  again 
exposed  to  a  similar  process  of  oxidation  and  reduction  as  at  the 
first  The  liberation  of  the  mineral  from  arsenic  and  sulphur  is 
tedious,  and  requires  repeated  pulverization  and  heating;  still  it 
is  never  perfect ;  some  arsenic  will  always  adhere  to  it  after  ex- 
treme pains  have  been  taken  for  its  removal. 

Color  of  oxides  on  the  coal, — Some  of  the  metals  form  a  char- 
acteristic oxide,  which  is  discovered  after  their  reduction  and 
evaporation  on  the  coal.  As  these  oxides  are  a  convenient  guide 
to  the  quality  of  the  mineral,  we  insert  their  most  distinct  features. 

Selenium, — Close  to  the  cavity  in  the  support  this  mineral 
forms  a  gray,  iron-colored  and  glistening  filament,  which  often 
shows  a  faint  violet  or  crimson  color,  and  in  thin  layers  has  the 
appearance  of  blue.  The  oxidation  flame  will  drive  it  to  any 
place  desired  over  the  coal,  but  in  the  reducing  part  of  the  flame 
it  evaporates  with  a  blue  light  similar  to  that  of  sulphur. 

Tellurium. — This  mineral  covers  the  support  in  a  similar 
manner  as  selenium  in  form.  The  circle  around  the  flame  is 
white,  and  shows  a  dark  yellow,  or  often  red  circumference. 
The  tip  of  the  flame  will  move  it  over  the  coal,  the  reducing 
flame  evaporates  it  with  a  green  light,  and  if  selenium  is  present 
the  fire  is  bluish-green. 

Arsenic. — This  metal  forms  arsenious  acid  on  the  support 
when  touched  with  the  extremity  of  the  flame.    The  ring  around 
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the  cavity  is  white,  and  when  very  thin  it  appears  gray,  particu- 
larly that  at  the  greatest  distance  from  the  test  The  least  heat 
will  move  it  from  one  place  to  the  other  on  the  coaL 

Antimony. — This  covers  the  coal  with  sesqiiioxide,  which  ap- 
pears white ;  when  thin  it  appears  gray  or  bluish.  It  is  hardly 
different  firom  the  arsenious  acid,  but  may  be  recognized  by  ad- 
hering more  closely  to  the  test  This  oxide  may  be  driven  over 
the  coal  like  the  other  oxides,  by  the  oxidizing  flame ;  the  re- 
ducing flame  does  the  same,  and  shows  in  the  mean  time  a  green- 
ish blue  light.  This  oxide  and  the  metal  are  not  so  volatile  as 
the  above  substances,  which  distinguishes  it  from  them. 

Bismuth. — This  metal  forms  an  oxide  which  covers  the  coal 
near  the  test ;  when  hot  it  appears  of  an  orange  color,  which 
gradually  is  altered  to  yellow  when  cold ;  if  the  film  is  of  oxide 
and  very  thin  it  appears  bluish.  This  oxide  is  still  more  close  to 
ibe  test  than  antimony.  It  ^may  be  moved  over  the  coal,  but  dis- 
appears gradually  under  the  influence  of  heat 

Lead. — The  oxide  formed  by  this  metal  and  precipitated  on 
the  coal  is  in  all  respects  similar  to  that  of  bismuth ;  with  the 
only  difference  that  lead  is  not  quite  so  dark  yellow  as  bismuth. 

Cadmium. — This  is  similar  to  lead  and  bismuth.  The  precipi- 
tate on  the  coal  is,  afl»r  becoming  perfectly  cold,  of  a  reddish- 
brown  color,  which  appears  in  thin  layers  to  be  yellow.  This 
distinguishes  it  from  the  above  metals. 

Zinc. — The  oxide  of  zinc  adheres  more  closely  to  the  test  than 
all  the  above-mentioned  oxides.  It  is  yellow  when  hot,  and 
emits  a  strong  light ;  in  cooling,  it  changes  color  to  white,  and 
we  find  it  closely  surrounding  the  test  specimen.  The  oxidizing 
flame  does  not  move  it  A  drop  of  cobalt  solution  changes  it 
fix)m  white  mto  a  fine  green  color  when  heated  in  the  tip  of  the 
flame. 

Tin. — This  metal  covers  the  coal  with  oxide,  which  is  of  a  faint 
yellow  color,  and  emits  a  strong  light  when  under  the  influence 
of  the  flame ;  when  cold  it  is  grayish-white ;  it  adheres  closely  to 
the  test  specimen.  This  oxide  may  be  distinguished  from  that  of 
zinc  by  its  forming  a  bluish-green  with  cobalt  solution,  while  that 
of  zinc  is  bright-green. 

Silver. — When  this  metal  is  exposed  to  a  strong  heat  in  the 
oxidizing  flame,  it  covers  the  coal  with  a  thin  film  of  dark-red 
oxide.  When  the  silver  is  alloyed  with  lead,  the  first  film  near 
the  specimen  is  lead  and  yeUow,  but  when  the  globide  is  more 
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refined,  the  silver  will  form  its  red  film  exterior  to  that  of  the 
lead  film.  K  antimony  is  in  the  specimen,  the  red  color  of  the 
silver  is  more  faint  than  when  lead  is  present.  When  antimony 
and  lead  are  present  with  the  silver,  the  last  evaporation  of  the 
silver  forms  a  crimson  ring  around  the  former  oxides. 

Sulphurets^  chlorides^  and  other  combinations  of  metals  and 
volatile  substances,  are  frequently  foimd  native,  and  as  they  all, 
more  or  less,  form  white,  faint-yellow,  or  gray  films  of  precipitate 
on  the  coal,  we  should  be  cautious  in  deciding  on  the  nature  of  a 
specimen  imtil  we  are  convinced  of  the  purity  of  the  metallic 
evaporations  above  described.  These  combinations,  to  which  all 
the  alkahne  chlorides,  bromides,  and  iodides  belong,  are  charac- 
terized by  their  film  being  farther  from  the  specimen,  and  if 
brought  under  the  direct  influence  of  a  strong  reducing  heat  they 
evaporate  without  the  slightest  change  of  color.  This  distinguishes 
these  combinations  from  the  oxides  of  tellurium  and  antimony. 
In  all  cases  it  is  the  surest  way  to  produce  metals  first,  and  then 
evaporate  them. 

Test  on  Minerals. — The  blow-pipe  test  is  a  most  convenient 
operation  for  the  metallurgist ;  he  may  use  it  on  minute  quantities 
with  perfect  certainty  as  to  the  result.  We  insert,  therefore,  the 
appearance  of  various  minerals  under  the  eflfect  of  the  blow- 
pipe. 

Barytes.  Heavy  Spar, — Sulphate  of  barytes,  when  melted 
with  carbonate  of  soda,  forms  a  fluid  glass,  which  is  absorbed  by 
the  coal  with  constant  ebullition.  Strontium  acts  in  the  same 
manner  as  heavy  spar.  We  distinguish  both  by  exposing  a  test 
without  soda  to  the  reducing  flame,  and  transforming  it  into  a 
sulphuret;  when  barytes  is  moistened  with  muriatic  acid,  and 
then  with  alcohol,  it  will  show  no  color  when  heated  in  burning 
alcohol,  while  strontium  shows  the  peculiar  crimson  color  of  that 
salt.  K  lime  is  in  the  specimen  it  is  not  absorbed  by  the  coal, 
but  remains  on  the  surface  of  it,  even  after  a  strong  fire. 

Lime, — ^Fluate  of  lime  melts  to  a  clear  bead  by  a  limited  heat, 
which  is  clear  when  pure ;  if  the  mineral  contains  gypsum,  heavy 
spar,  or  strontia,  the  bead  is  opaque.  Carbonate  of  lime,  or  lime- 
stone, is  easily  recognized  by  forming  quick-lime  under  the  influ- 
ence of  the  flame,  which  shows  a  brilliant  light,  and  the  well- 
known  caustic  reaction  on  the  tongue.  When  melted  with  borax 
it  dissolves  with  ebullition,  foaming  like  an  organic  substance ; 
this  is  caused  by  the  liberation  of  carbonic  acid.    Gypsum  and 
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its  varieties  melt  with  difficulty  in  the  oxidizing  flame.  K  the 
test  is  brought  under  the  influence  of  the  reducing  flame  it  forms 
sulphuret  of  lime  which  smells  of  sulphuretted  hydrogen  when 
moistened.  K  gypsum  is  melted  together  with  borax  it  forms  a 
dear  glass  when  hot;  this  turns  yellow  when  cold.  Gypsum  in 
excess  colors  the  glass  and  becomes  brown  and  opaque ;  melted 
with  soda  it  acts  like  carbonate  of  lime,  which  remains  on  the 
coal  after  the  soda  is  absorbed.  All  the  pure  varieties  of  lime 
may  be  tested  by  these  means.  When  the  mineral  contains  other 
substances  the  test  is  of  course  modified ;  we  shall  mention  these 
modifications  in  the  following  pages. 

Magnesia. — This  substance  is  not  so  easily  recognized  by 
means  of  the  blow-pipe ;  it  is  in  all  cases  necessary  to  confirm 
the  test  by  a  moist  assay,  which  is  beyond  the  scope  of  this  work 
to  describe.  Carbonate  of  magnesia  is  converted  into  caustic 
magnesia  under  the  influence  of  the  flame,  and  may  then  be  re- 
cognized like  lime  by  its  alkaline  reaction.  Melted  with  fluxes, 
magnesia  acts  like  lime. 

Alumina, — This  mineral  is  not  altered  in  the  flame  when 
pure ;  it  melts  slowly  with  borax,  but  forms  afl^r  a  prolonged 
heat  a  clear  glass,  which  is  not  altered  when  brought  under  the 
influence  of  the  reducing  flame.  It  also  dissolves  in  microcosmic 
salt  to  a  clear  bead,  which  distinguishes  it  from  silex.  The  most 
positive  test  is  the  formation  by  it  of  a  blue  glass  with  cobalt  so- 
lution. Soda  does  not  dissolve  it  perfectly.  A  mixture  of  soda 
and  borax  dissolves  it  readily  into  a  clear  glass.  When  the  mii^ 
eral  is  adulterated  with  other  matter  which  colors  its  glass,  it  is 
difficult  to  distinguish  alumina ;  still  the  addition  of  cobalt  solu- 
tion will  in  all  cases  impart  a  blue  tinge,  if  this  earth  is  present 
Silicates  and  slags  do  not  show  the  presence  of  alumina,  even 
with  cobalt  solution. 

Silex, — This  may  be  discovered  in  all  its  combinations  by  mi- 
crocosmic salt,  on  the  wire  loop.  This  mineral,  when  finely  pow^ 
dered  and  melted  with  the  salt,  forms  a  bead  which  is  in  most 
cases  clear  when  hot,  and  in  which  the  silex  may  be  discovered 
as  a  dark  gelatinous  centre  when  light  is  transmitted  through 
the  hot  glass.  Many  of  the  glasses  darken  or  turn  opaque  in 
cooling.  It  is  therefore  necessary  to  examine  the  bead  when  hot. 
K  only  a  little  silex  is  in  the  mineral  or  in  the  slag,  it  may  not 
be  visible,  and  the  moist  assay  must  be  adopted  to  discover  it. 
Soda  will  dissolve  silex  and  form  a  clear  glass,  if  the  amount 
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of  it,  or  if  the  silex  is  not  excessive,  in  all  these  cases  it  forms 
an  opaque  glass.  K  the  soda  predominates  to  at  least  four  parts 
of  soda  to  one  of  silex,  the  glass  formed  in  the  reducing  flame  is 
soluble  in  hot  water,  from  which  the  silex  may  be  precipitated  by 
an  acid,  and  the  subsequent  filtration  and  evaporation  carried  to 
ignition. 

Manganese, — ^This  metal  maybe  recognized  by  melting  it  with 
a  flux  of  borax  or  microcosmic  salt ;  the  bead  is  violet,  or  rose- 
colored  when  the  quantity  is  small ;  if  the  specimen  is  brought 
from  the  oxidizing  influence  into  the  reducing  flame,  this  color 
disappears ;  if  other  metals  are  in  the  specimen  besides  manga- 
nese, these  will  show  their  own  color  under  the  reducing  influ- 
ence of  the  flame.  It  is  necessary  to  remove  the  reduced  bead 
quickly  from  the  wire  and  cool  it  as  quickly  on  a  cold  dish,  in 
order  to  prevent  oxidation  by  slow  cooling,  after  which  it  will 
show  the  manganese  again.  If  the  quantity  of  manganese  is 
very  small  and  not  recognizable  in  borax,  a  splinter  of  salt- 
petre may  be  added  to  the  melted  bead,  which  will  make  the  hot 
test  foam,  and  that  foam  will  show  the  amethyst  color  in  the  ox- 
idizing flame.  Very  small  quantities  of  manganese,  such  as  one 
thousandth  part  in  a  mineral,  cannot  be  discovered  by  the  above 
means ;  we  may  detect  that  in  the  following  operation.  The  min- 
eral when  finely  powdered  is  mixed  with  2  or  8  parts  of  carbon- 
ate of  soda ;  or  rather,  1  part  mineral,  1  part  saltpetre,  and  2 
parts  soda,  are  melted  together  on  platina  foil  in  the  oxidizing 
flame,  in  which  the  mineral  will  so  far  dissolve,  that  the  most 
minute  particle  of  manganese  will  appear.  It  imparts  a  green 
color  to  the  melted  soda,  which  is  often  found  to  be  bluish  green ; 
this  color  it  retains  after  cooling.  If  the  mineral  contains  cobalt 
and  silex,  the  color  is  always  blue ;  but  if  the  silex  is  removed  by 
some  means,  the  green  color  may  be  observed  again.  In  this 
operation  sulphur,  arsenic,  and  other  volatile  substances,  must  be 
separated  by  roasting  before  the  mineral  is  exposed  to  the  test. 

Zinc, — ^This  is  soon  discovered  when  the  mineral — it  may  be 
a  sulphuret  or  an  oxide — ^is  mixed  with  carbonate  of  soda  and 
cyanide  of  potassiimi,  and  exposed  to  the  reducing  flame.  The 
characteristic  film  of  oxide  is  quickly  found  on  the  coal. 

Cobalt. — ^When  a  mineral  containing  cobalt  is  oxidized  and 
melted  with  borax  or  microcosmic  salt,  a  blue  glass  is  formed, 
which  if  the  quantity  of  cobalt  is  large,  often  appears  to  be  black, 
particularly  in  a  round  bead.     This  color  is  equally  distinct  in 
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Ae  oxidizing  and  in  the  reducing  flame,  and  may  be  brought  for- 
ward if  the  mineral  contains  much  other  metallic  oxides,  by  ex« 
posing  it  to  a  strong  heat  in  the  reducing  flame,  which  will  expel 
most  of  the  other  oxides,  but  not  that  of  cobalt  Iron  and  man- 
ganese are  an  exception  to  this  rule,  and  may  be  exposed  to  the 
oxidizing  flame,  in  which  iron  is  colored  the  least 

Nickel — ^Most  of  the  minerals  which  contain  this  metal,  are  a 
compound  of  various  substances,  which,  however,  does  not  much 
interfere  with  its  detection.  The  test  is  first  roasted  in  a  glass 
tube  which  shows  arsenic;  it  is  then  roasted  on  the  coal;  this  re- 
moves the  other  parts  of  arsenic  and  volatile  substances.  Melted 
with  borax  it  shows  the  peculiarity  of  the  oxide  of  nickel,  which 
is  dark  violet  when  hot  and  changes  to  red  brown  in  cooling.  If 
this  glass  is  melted  in  the  reducing  flame,  some  of  the  oxide  is 
converted  into  metal  and  adheres  to  the  outside  of  the  glasiS, 
where  it  may  be  recognized  in  small  globules  by  the  assistance  of 
a  lens.  Sometimes  the  nickel  is  in  a  metallic  form;  and  if  no 
other  metallic  oxide  is  present  the  glass  is  colorless.  If  iron  or 
cobalt  is  besides  nickel  in  the  mineral,  the  remaining  glass  of 
course  is  colored  by  their  oxides.  K  the  roasted  minexal  is  melt- 
ed with  soda  and  borax  and  contains  arsenic,  a  compound  of 
arsenic  and  nickel  is  formed.  Nickel  is  attracted  by  the  magnet^ 
and  the  globule  of  metal  may  be  tested  by  that  means. 

Iron, — Any  specimen  which  is  to  be  tested  for  iron  should  be 
well  roasted  before  it  is  melted  with  flux,  in  order  to  remove  all 
volatile  substances.  The  mineral  is  then  melted  with  borax, 
which  shows  in  the  oxidizing  flame  the  yellow-red  color  of  the 
oxide,  and  turns  in  the  reducing  flame  bottle-green.  If  other 
metals,  such  as  copper,  lead,  antimony,  &c,  are  present,  they 
are  reduced  in  the  flame,  and  the  glass  remains  bottle-green.  If  the 
color  is  bluish,  it  indicates  the  presence  of  cobalt,  and  if  the 
green  color  is  not  distinct,  a  small  particle  of  metallic  tin  added 
to  the  glass  will  soon  make  it  so.  If  copper  is  present,  it  is  often 
a  tedious  operation  to  bring  the  metallic  copper  out  in  the  redu- 
cing flame.  Perseverance  will  however  succeed  in  all  cases.  Are 
metals  present  which  cannot  be  removed  by  the  united  action  of 
borax  and  reduction,  the  addition  of  metaUic  lead  will  soon  re- 
move them  and  show  the  peculiarities  of  the  glass  of  iron.  Iron  is 
found  in  most  of  the  minerals,  and  in  examining  these  we  must 
be  always  prepared  to  meet  with  it,  and  examine  for  it  particu- 
larly.   Manganese  and  iron  are  generally  found  together,^  and 
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the  first  often  hinders  the  latter  from  showing  its  peculiarities ;  the 
glass  is  red  in  the  oxidizing  and  red  in  the  reducing  flame.  If,  in 
this  case,  we  add  a  little  metallic  tin  to  the  reducing  bead,  the  iron 
is  converted  into  magnetic  oxide  and  will  show  its  peculiar  green 
color.  Iron .  cannot  be  reduced  to  metal  before  the  blow-pipe, 
while  all  other  metals  except  manganese  can  be ;  thus  &r  it  is 
readily  detected. 

Cadmium  is  volatile  and  cannot  be  recognized  but  by  its 
oxide  it  is  treated  and  behaves  like  zinc,  from  which  it  is  dis- 
tinguished by  its  brown  color,  which  may  be  recognized  if  the 
mineral  contains  but  one  or  two  per  cent,  of  cadmium. 

Lead, — A  test  on  lead  is  very  easily  made.  It  is  recognized 
in  very  small  quantities  in  its  peculiar  oxide,  which  spreads  in  a 
film  over  the  coal  when  treated  in  the  oxidizing  flame.  Is  the 
mineral  mixed  with  zinc  or  antimony,  it  may  cause  the  color  of 
the  oxide  of  lead  to  be  more  faint  than  it  otherwise  would  be, 
but  it  never  is  blended  so  much  with  other  substances  as  not  to  be 
recognized.  K  lead  is  combined  with  volatile  matter  such  as 
sulphur,  and  other  metals  at  the  same  time,  it  is  melted  with  a 
little  bora;x  in  the  reducing  flame.  The  metal  evaporates  and 
shows  its  oxide  on  the  coal.  The  remaining  glass  will  show  the 
peculiarities  of  the  metallic  oxide  in  the  lowest  state  of  oxidation. 
Minerals  which  contain  lead  combined  with  strong  acids,  such  as 
sulphuric  acid  or  chlorine,  must  be  smelted  with  carbonate  of 
soda;  this  will  show  the  film  of  oxide  on  the  coal.  K  metal  is 
formed  in  this  operation,  it  may  be  evaporated  under  the  influ- 
ence of  the  oxidizing  flame. 

Bismuth, — This  metal  is  discovered  by  melting  those  sub- 
stances containing  it  with  borax,  in  case  sulphur  is  present ;  but 
when  the  mineral  is  free  from  sulphur  and  oxidized,  it  is  melted 
with  soda :  in  the  reducing  flame  the  bismuth  is  evaporated,  and 
recognized  by  its  peculiar  oxide  on  the  coal.  If,  in  the  mean 
time,  lead  is  melted  with  bismuth  in  the  specimen,  it  is  difficult 
to  detect  the  latter,  because  the  oxide  assimies  almost  the  color 
and  behavior  of  the  oxide  of  lead.  It  is  light  and  changes  its 
color  very  little  in  cooling.  It  is  difficult  to  find  bismuth  when 
other  metals,  such  as  lead,  antimony,  copper,  &c.,  are  present; 
and  in  this  case  the  better  plan  is  to  resort  to  the  moist  analysis. 

Uranium. — This  metal  is  so  similar  to  iron  under  the  blow- 
pipe flame,  that  it  can  hardly  be  detected  in  a  compound  mineral 

Copper. — This  metal  is  very  easily  recognized  if  present  in  a 
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test  specimen.  When  a  specimen  is  first  exposed  to  roasting  in 
the  oxidizing  flame  on  coal,  and  then  melted  with  borax  in  the 
same  fire,  the  resulting  glass  will  show  t^e  color  of  the  oxide  of 
copper.  After  the  glass  has  been  cooled,  and  melted  again  in 
the  reducing  flame,  it  assumes  a  red  color  and  becomes  opaque  if 
no  metallic  copper  is  formed.  On  the  contrary,  when  it  is  formed, 
the  glass  is  transparent  or  colored  with  oxides  which  cannot  be 
reduced.  This  test  for  reducing  the  oxide  is  a  safe  and  sure  one, 
but  it  is  sometimes  difficult  to  produce  it.  When  to  the  green 
glass  of  the  oxidizing  flame  a  little  metallic  tin  is  added  and  the 
test  quickly  exposed  to  the  reducing  flame,  it  is  converted  into 
protoxide,  and  shows  either  a  red  color,  or  if  much  copper  is  pre- 
sent appears  black  in  the  mass;  but  in  small  threads  and  splinters 
it  shows  the  red  color  in  great  beauty,  especially  in  case  no  other 
metallic  oxides  are  present  which  impair  that  color,  such  as  iron 
or  uranium,  antimony,  and  others.  When  other  metals  are  pre* 
sent,  it  is  advisable  to  roast  the  specimen  and  expel  all  the  vola- 
tile metals.  This  is  the  more  easily  accomplished,  as  copper  is 
very  permanent.  The  changing  color  in  the  borax  glass  may 
now  be  observed  to  more  or  less  perfection ;  it  is  always  distinct. 
When  a  large  quantity  of  copper  is  present,  it  is  the  quickest 
operation  to  reduce  the  oxide  by  melting  it  with  soda  and  pro-- 
ducing  metallic  globules,  which  in  most  cases  are  formed  in  the 
reducing  flame  by  the  aid  of  borax.  Small  quantities  of  copper, 
such  as  one  per  cent,  in  the  mineral  under  examination,  cannot 
be  reduced  to  metal  and  must  be  detected  in  the  colored  glass. 

Silvei'. — Metallic  silver  is  easily  recognized  when  pure.  If  it 
is  combined  with  other  metals  which  are  volatile,  it  is  generally 
evaporated  with  these  metals,  and  shows  on  the  coal  its  oxide. 
Antimony,  arsenic,  and  quicksilver,  may  be  evaporated  in  the 
oxidizing  flame,  without  evaporating  silver.  Silver  is  so  easily 
detected  by  the  moist  analysis,  that  it  is  hardly  advisable  to  make 
a  trial  for  it  under  the  blowpipe.  It  may  be  advantageous  with 
a  mineral  which  contains  chloride  of  silver,  which  when  melted 
with  soda  yields  its  silver  readily.  As  silver  is,  in  most  cases, 
present  only  in  small  quantities,  the  better  plan  is  to  make  a  cru- 
cible assay,  which  always  secures  a  safe  result. 

Mercury. — Quicksilver  cannot  be  detected  before  the  blow- 
pipe ;  it  evaporates  so  perfectly  that  no  traces  can  be  found  of  it 
on  the  coal.  A  mineral  which  contains  mercury  is  rubbed  with 
soda,  and  this  mixture  is  exposed  in  a  long  glass  tube,  or  a  glass 
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retort,  to  the  heat  of  a  spirit-lamp.  The  quicksilver  soon  makes 
its  appearance,  and  condenses  in  fine  metallic  globules  on  the 
cold  parts  of  the  glass.*  When  a  test  of  mercury  cannot  be  made 
by  other  means  than  the  blowpipe,  we  mix  the  mineral  with  a 
little  common  salt,  and,  if  it  contains  sulphur,  with  soda  and  a 
little  salt.  On  exposing  this  mixture  to  the  reducing  flame, 
a  white  sediment  is  formed  on  the  coal,  which  consists  of  calomel 
or  subchloride  of  mercury.  This  test  requires  experience  in 
order  to  distinguish  mercury  from  other  volatile  salts. 

Platinum^  and  the  platinum  metals,  cannot  be  separated  one 
fix)m  the  other  under  the  blowpipe.  These  metals  when  melted 
with  borax  show  sometimes  colored  glass,  which  is  caused  by  ad- 
mixtures of  other  metals,  such  as  iron,  copper,  &c.  When  a  par- 
ticle of  metal  resists  the  strongiest  fire  of  the  blowpipe  without 
oxidation  or  melting,  we  may  expect  it  to  be  platinum.  In  order 
to  test  it  finally,  it  is  mixed  with  a  little  pure  lead,  and  melted 
with  it.  Melted  lead  will  dissolve  platinum,  and  may  be  partly 
evaporated.  The  platinum  will  always  retain  a  part  of  the  lead. 
In  case  no  gold  is  present,  the  strongest  heat  will  not  remove  all 
the  lead.  K  in  this  case  we  add  a  little  gold  to  the  test  and 
melt  it  again,  the  lead  will  be  evaporated,  and  the  white  platinum 
will  assume  a  somewhat  yellow  bright  color ;  this  is  imparted  to 
it  by  the  gold.  The  gold  cannot  be  separated  from  this  alloy  but 
by  solution  and  moist  analysis. 

Oold. — This  metal  is  always  recognized  without  testing  it 
before  the  blowpipe ;  but  if  we  are  doubtful  as  to  the  identity  of 
the  metal,  we  may  melt  it  with  borax  in  the  oxidizing  flame  in 
which  all  other  metals  but  gold  will  be  altered.  If  silver  is 
mixed  with  gold  in  a  mineral,  it  will  remain  in  combination  with 
the  gold.  Should  it  happen  that  a  test  shows  signs  of  the 
presence  of  gold  but  does  not  melt  readily,  the  addition  of  a 
little  lead  to  it  will  melt  it ;  the  latter,  however,  may  be  driven 
off  in  the  reducing  flame.  If  a  grain  is  thus  obtained  which  to 
all  appearance  is  pure  metal,  that  is,  gold  or  silver,  but  is  bright 
so  as  to  indicate  the  absence  of  gold,  we  may  observe  the  latter 
by  throwing  the  globule  on  a  white  porcelain  dish  and  moisten- 
ing it  with  a  drop  of  nitric  acid.  If  the  globule  is  pure  silver,  it 
will  dissolve  and  retain  its  white  color.  K  it  is  mixed  with  gold, 
it  will  soon  turn  gray,  or  be  covered  with  a  black  film. 

Tin. — ^This  metal  is  soon  detected  in  minerals  which  contain 
tin  chiefly,  but  not  so  in  those  which  contain  other  fusible  metals. 
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Suiphiiret  of  tin  when  melted  on  the  coal  support  under  the 
influence  of  the  oxidizing  flame,  evaporates  the  sulphur  at  first, 
which  is  recognized  as  sulphurous  acid ;  subsequently  the  metal 
evaporates  and  forms  a  white  film  on  the  coal,  which  cannot  be 
removed  by  the  fire,  and  is  characteristic  of  tin.  When  any 
compound  of  tin  and  refractory  metals,  such  as  copper  and  iron, 
is  melted  with  borax,  the  tin  will  form  metal  in  the  reducing 
flame,  which  may  be  recognized  with  the  aid  of  the  lens. 

Antimony — This  metal  acts  like  tin  before  the  blowpipe ;  but 
we  may  distinguish  it  from  the  latter  by  exposing  the  test  in  a 
glass  tube  to  the  heat  of  a  spirit-flame,  which,  forming  an  add 
and  an  oxide  of  antimony,  condenses  in  the  cold  part  of  the 
glass  tube,  and  is  recognized  by  the  dirty-yellow  color.  It  is  diffi- 
cult and  requires  experience  to  distinguish  antimony  from  arse- 
nic, tin,  and  zinc,  on  the  coal  support.  The  oxide  of  the  first  is  not 
so  permanent  as  tin,  but  more  so  than  arsenious  acid,  and  it  may 
be  distinguished  from  zinc  by  the  changing  color  of  the  latter.  Li 
all  instances  the  test  in  a  glass  tube  is  the  most  certain  of  suc- 
cess, because  if  the  specimen  contains  all  the  ftisible  metals,  anti- 
mony may  be  found  and  separated  from  the  others.  K  we  put 
the  test  in  one  end  of  the  glass  tube  and  heat  it  at  first  gently 
over  the  spirit-lamp,  holding  that  end  of  the  tube  containing  the 
specimen  lower  than  the  other,  a  current  of  air  will  draw 
through  the  tube.  Sulphur  will  evaporate  first,  in  case  the  test 
is  a  sulphuret  It  is  carried  off  by  the  air,  and  forms  no  sedi- 
ment ;  then  follows  arsenic,  which  may  be  driven  higher  in  the 
tube  in  case  it  condenses  too  low ;  the  next  is  oxide  of  antimony, 
which  cannot  be  affected  so  easily  by  heat ;  other  metals  will  not 
evaporate  under  this  heat.  In  all  cases  where  this  test  is  applied 
it  is  advisable  to  roast  the  specimen  and  operate  upon  oxidea 

Titanium, — This  metal  is  in  most  instances  under  the  form  of 
titanic  acid  in  the  minerals,  and  can  be  recognized  as  such.  Such 
minerals  melt  readily  in  borax,  but  the  color  of  titanium  cannot 
be  observed.  The  glass  is  yellow,  and  cannot  be  altered  in  the 
reducing  flame ;  titanium  is  thus  distinguished  from  iron.  Micro- 
cosmic  salt  dissolves  it  with  difficulty,  and  forms  a  white  opaque 
glass,  which  when  brought  into  the  reducing  flame,  with  the  ad- 
dition of  a  little  metallic  tin,  shows  the  red  oxide  of  titanium. 
The  darker  this  red  color  is,  so  much  the  more  titanium  may  be 
supposed  to  be  present.  Wolframium  acts  in  a  similar  manner, 
without  the  addition  of  tin.    Metallic  titanium  appears  often  as  a 
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red  film  on  the  slags  £rom  an  iron  furnace.  It  resembles  metallie 
copper.  It  may,  however,  be  distinguished  by  melting  it  in  borax 
in  which  it  hardly  dissolves,  while  in  microcosmic  salt  it  dis- 
solves readily.  This  titanium  always  contains  iron,  and  shows  the 
colors  of  it  in  the  glass  bead. 

Ohromium, — ^Borax  or  microcosmic  salt,  melted  together  with 
the  specimen,  form  a  glass  of  a  bright  emerald-green  color  when 
perfectly  cool,  provided  the  mineral  does  not  contain  lead  or 
copper.  This  color  is  very  beautiful  after  exposure  to  the  re- 
ducing flame.  If  lead  or  copper  is  present  the  color  is  totally 
destroyed  in  the  reducing  flame.  It  is,  therefore,  in  the  oxidizing 
and  reducing  flame  where  we  distinguish  chromium.  When  a 
little  chromium  is  present  in  a  large  quantity  of  other  minerals,  the 
specimen  is  rubbed  with  three  volumes  of  saltpetre,  melted  on  the 
wire  loop  to  a  vitrified  mass,  and  then  dissolved  in  boiling  water. 
Chromate  of  potash  is  here  formed,  which  is  dissolved,  and  the 
dear  liquid,  when  decanted,  is  tested  by  saturating  it  with  acetic 
acid  and  putting  into  it  a  splinter  of  clear  acetate  of  lead.  K 
any  chromium  is  present,  it  will  color  the  crystal  and  form  the 
well  known  chromate  of  lead. 

TeUurium. — This  substance  may  be  detected  by  simply  direct- 
ing the  flame  upon  it.  It  will  form  the  film  of  the  oxide  of  tellurium 
on  the  coal.  If  any  smell  is  produced  by  the  application  of  heat 
selenium  may  be  present,  provided  no  sulphur  is  indicated.  The 
film  formed  on  the  coal  is  characterized  by  a  red  ring  around  it, 
and  it  entirely  disappears  when  touched  by  the  reducing  flame, 
showing  in  the  mean  time  a  bluish-green  light.  If  lead  or  bis- 
muth  is  present  in  the  mineral,  it  is  necessary  to  melt  it  with 
borax,  and  heat  it  under  the  influence  of  the  reducing  flame ; 
these  metals  will  then  evaporate,  and  tellurium  only  appears  on 
the  coal.  A  test  of  tellurium  is  somewhat  difficult,  because  in 
most  cases  selenium  is  with  it.  The  film  on  the  coal  is  not  dis- 
tinct, and  it  may  be  preferable  to  make  the  test  in  the  glass  tube. 
It  is  in  this  case  treated  bs  antimony,  and  a  limited  heat  shows 
a  copious  white  smoke,  which  condenses  on  the  glass.  This  white 
film  is  melted  by  the  application  of  the  spirit-lamp  to  clear  glo- 
bules, which  also  adhere  to  the  glass,  and  which  may  be  recog- 
nized with  the  aid  of  a  lens.  If  selenium  is  present,  these  drc^ 
are  also  formed,  but  they  are  then  not  quite  clear  or  transparent. 

Arsenic. — If  arsenic  is  present  in  a  mineral  it  is  quickly  re- 
cognized on  bringing  it  into  the  reducing  flame  of  the  coal  sup- 
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port  It  emits  a  smell  similar  to  that  of  garlic  or  phosphorus, 
which  is  characteristic,  but  often  faint  on  account  of  the  presence 
of  other  metals.  In  the  glass  tube  it  becomes  volatile  more 
readily  than  other  metals,  and  may  be  driven  to  any  place  in  the 
tube  by  the  heat  of  the  lamp.  The  latter  is  arsenious  acid  and 
does  not  smell. 

Selenium, — This  substance  is  easily  detected  if  no  tellurium  is 
present;.  In  all  cases  we  find  its  presence  by  heating  a  splinter 
of  the  mineral  on  the  charcoal,  and  bringing  it  to  the  nostrils;  a 
characteristic  odor  of  decaying  horse-radish  is  emitted,  which  is 
not  observed  from  any  other  matter.  It  is  necessary  that  the  test 
should  be  red  hot 

We  have  been  thus  far  particular  in  treating  of  blow-pipe 
tests,  not  because  they  are  of  prominent  practical  value,  but  be- 
cause they  are  peculiarly  suitable  to  detect  substances  which  can- 
not be  found  by  a  crucible  assay,  and  which  are  frequently  of 
considerable  influence  in  smelting  operations.  The  follo\i^ing 
materials,  necessary  to  make  blow-pipe  assays,  and  by  which  a 
trial  on  a  mineral  may  be  made  at  any  time  and  place,  can  be  put 
up  so  compactly  as  to  be  carried  in  the  pocket,  viz.,  a  candle  and 
a  piece  of  coal,  the  blow-pipe,  borax,  soda,  saltpetre,  microcosmic 
salt,  cobalt  solution,  a  pair  of  pincers,  the  platina-wire  loop,  and  a  bit 
of  platina  foil,  a  piece  of  glass  tube,  a  lens,  a  small  hammer,  and 
a  very  small  glass  or  agate  mortar.  If  a  magnet,  knife,  file,  a 
porcelain  dish,  a  glass  test  tube,  and  a  little  nitric  acid  are 
added  to  the  apparatus,  it  will  be  more  complete.  In  all  in- 
stances a  little  pure  metallic  lead,  and  a  little  tin,  should  be  at 
hand.  The  whole  collection  may  be  fitted  into  a  small  box, 
which  renders  it  portable  and  convenient. 

We  omit  alluding  to  the  blow-pipe  tests  on  acids,  chlorine, 
phosphorus,  bromine,  iodine,  fluorine,  carbonic  acid  and  similar 
substances,  because  these  are  of  little  practical  importance.  These 
substances  serve  chiefly  to  increase  the  fluidity  of  slags,  and  are 
of  no  further  interest.  One  half  of  one  per  cent,  of  phosphorus 
may  spoil  good  iron  ore.  The  most  delicate  blow-pipe  test  can- 
not detect  less  than  three  per  cent  in  a  mineral.  It  is  therefore  of 
not  much  use  to  know  if  any  phosphorus  is  present  in  iron  ore, 
since  we  cannot  approximate  to  the  injurious  quantity.  The  case 
is  similar  with  other  minerals. 

Crucible  Assay. — The  blow-pipe  assay  is  never  much  more 
than  a  comparative  test    The  actual  quantity  of  metal  present  is 
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found  with  much  labor,  and  there  is  always  some  uncertainty  in 
the  result,  because  the  test  is  made  on  a  small  quantity,  never 
more  than  half  a  grain.  In  order  to  make  an  assay  at  the  same 
time  as  to  quality  and  quantity,  we  adopt  smelting  in  a  crucible, 
in  which  we  expose  at  once  500  or  1000  grains  to  the  test.  In 
many  instances  it  is  necessary,  in  order  to  make  a  perfect  assay, 
to  use  re-agents  and  solvents  in  the  moist  way.  We  shall  notice 
each  case  in  the  course  of  these  investigations.  The  dry  as- 
say affords  the  advantage  of  an  exact  determination  of  the  weight, 
which  is  with  most  of  the  metals  more  correct  than  in  the  moist 
analysis.  The  earthy  matter  is  easily  removed,  and  very  mi- 
nute quantities  of  metal  may  thus  be  detected,  which  often  escape 
observation  in  the  moist  assay.  The  results  of  the  dry  assay  are 
quickly  obtained,  and  are  cheap,  and  very  uniform.  They  are, 
therefore,  best  qualified  for  determining  the  metallic  contents  of 
an  ore.  It  affords,  besides,  the  advantage,  that  all  the  smelting 
operations  on  the  large  scale  may  be  imitated  in  the  crucible, 
and  the  quantity  and  nature  of  the  fluxes  decided  on  in  them. 
Experiments  of  the  latter  kind  are  very  expensive  in  the  large 
furnaces,  but  they  may  be  done  cheaply  and  effectually  in  the 
crucible. 

Instruments. — A  good  balance,  or,  where  precious  metals  are 
to  be  weighed,  two  balances  are  needed — one  a  strong  balance, 
on  which  at  least  one  thousand  grains,  and  from  that  to  twenty, 
may  be  weighed,  and  another,  a  small  one,  on  which  from  twenty 
grains  to  one  tenth  of  a  grain  may  be  determined.  J.  P.  Duffey, 
of  Philadelphia,  manufectures  balances  of  a  superior  kind.  The 
weights  used  in  determining  the  contents  of  metal  in  a  specimen 
of  ore  are  arbitrary,  and  may  be  either  troy  weight  or  avoirdu- 
pois— the  latter  is  preferable  when  the  assay  is  made  for  prac- 
tical use.  When  the  pound  avoirdupois  is  divided  into  10,000 
parts — ^instead  of  7000  grains — which  may  be  called  mills  or  mill- 
grains,  we  obtain  at  once  the  quantity  of  metal  in  the  ore  in  a 
decimal,  and  the  weight  is  so  near  the  real  grain  as  not  to  show 
too  much  difference  for  comparison.  Gold  and  silver  must  be 
weighed  by  troy  weight ;  and  as  the  present  division  of  the  pound 
into  5760  grains  is  generally  adopted,  it  may  be  advisable  to  re- 
tain this  weight,  because  it  facilitates  the  valuation  of  the  ore. 
All  the  ore  is  bought  by  avoirdupois  weight ;  this  does  not  con- 
flict with  the  result  in  weighing  an  assay  in  grains  of  troy. 

M<yrtar. — This  instrument  is  required  for  crushing  and  pound- 
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ing  the  mineral.  In  the  majority  of  cases  an  iron  mortar  is  suffi- 
cient for  this  purpose.  In  some  instances  a  hard  agate  mortar  is 
required,  because  when  the  mineral  is  hard,  the  quantity  small, 
and  the  amount  of  iron  in  an  ore  is  to  be  ascertained,  it  may 
happen  that  iron  is  rubbed  loose  firom  the  mortar  and  passes  into 
the  assay.  If  it  is  found  necessary  to  grind  the  mineral  very 
fine,  it  is  rubbed,  which  produces  a  fine  powder ;  when  the 
pounded  mineral  is  to  be  in  the  form  of  sand,  the  piston  is  used 
with  a  vertical  stroke,  with  little  mineral  in  the  mortar  at  a  time, 
and  without  rubbing ;  this  will  cause  the  mineral  to  be  in  grains. 
K  a  mineral  is  very  hard,  we  heat  it  to  redness,  and  throw  it 
suddenly  in  cold  water;  when  it  adheres  in  the  mortar,  it  is 
mixed  with  pure  sand,  which  will  prevent  it.  When  arseniurets 
or  arsenious  minerals  are  to  be  pounded,  the  mortar  must  be 
covered  by  a  cloth,  to  prevent  the  operator  from  inhaling  the 
dust  from  the  mineral. 

Sieves. — These  may  be  of  brass  or  iron  wire.  In  many  cases 
silk  sieves  are  used,  because  the  first  are  not  sufficiently  fine.  A 
good  fine  brass- wire  sieve  is  in  most  instances  sufficient.  If  a 
powder  of  a  certain  uniform  grain  is  to  be  produced,  we  make  use 
of  two  or  more  sieves  of  diflferent  fineness,  driving  the  fine  dust 
through  the  finest  sieve,  and  afterwards  using  the  coarser  one. 
If  the  dust  of  the  mineral  is  poisonous,  we  cover  the  sieve  above 
and  below  with  strong  paper,  and  a  cloth,  to  prevent  the  flying 
of  dust. 

Washing. — Most  minerals  contain  impurities  which  it  is  not 
necessary  to  subject  to  smelting ;  these  are  generally  light,  and 
may  be  removed  by  washing,  such  as  clay,  lime,  or  magnesia, 
from  sulphurets,  or  from  heavy  crystalline  particles.  The  pow- 
dered substance  is  thrown  into  a  dish,  or  iron  pan,  clear  water 
poured  over  it,  and  the  whole  well  mixed  by  hand.  After  a  few 
seconds  rest  the  heavy  matter  subsides,  and  the  muddy  water  is 
gently  poured  off.  This  process  is  repeated  until  the  water  flows 
off  perfectly  clear.  Oxides  of  iron  and  lead,  also  sulphuret  of 
zinc,  cannot  be  washed  in  this  manner.  K  we  want  to  perform 
the  operation  of  washing  with  great  precision,  we  make  use  of  a 
glass  jar,  or  a  cylindrical  and  clear  glass  bottle.  We  stir  the 
mineral  and  water  well  together,  and  afl;er  a  time  we  draw  off  the 
liquid  by  means  of  a  syphon.  We  may  thus  take  as  much  water 
and  as  low  down  as  we  choose ;  and  as  the  strata  of  the  different 
substances  in  the  order  they  descended  are  visible,  we  may  re- 
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move  any  kind  of  matter  which  we  desire  to  separate  trom  the 
rest.  It  is  of  no  use  to  wash  a  mineral  if  we  desire  to  know  the 
exact  amount  of  metal  in  it,  for  in  all  cases  of  washing,  some  of 
the  mineral  is  lost  If  a  powder  of  exceeding  fineness  is  required 
we  may  obtain  it  by  rubbing  it  with  a  little  water  in  a  porcelain 
mortar,  after  the  mineral  has  been  run  through  a  sieve  and  washed. 
Calcination, — ^Minerals  which  contain  volatile  substances  are 
generally  calcined  in  order  to  remove  these  substances.  We  heat 
iron  and  zinc  ores  to  remove  water  from  them,  and  calcine  iron 
ore,  lead,  zinc,  and  limestone  to  expel  carbonic  acid.  We  like- 
wise ignite  sulphurets  and  arseniurets  to  liberate  the  mineral 
fipom  these  substances.  In  most  cases  it  is  necessary  to  observe 
the  loss  in  weight  caused  by  this  operation.  Water  will  escape 
by  applying  a  gentle  heat,  but  if  much  clay  is  present  it  adheres 
tenaciously  to  the  mineral.  Carbonic  acid  requires  strong  igni- 
tion and  the  presence  of  carbon  to  remove  it;  sulphur  and  arsenic 
act  like  carbonic  acid,  but  cannot  "bear  so  much  heat  at  first 
Coal  and  wood  require  a  strong  red  heat  in  a  partly  closed  ves- 
sel to  remove  their  volatile  substances.  Calcining  is  an  operation 
which  is  most  conveniently  performed  in  a  crucible,  because  no 
stirring  of  the  mass  is  required.  If  the  substance  is  affected  by 
coal,  we  are  to  select  a  Hessian  or  clay  crucible ;  and  if  it  is  affect- 
ed by  silex  or  clay  we  select  a  plumbago  pot.  When  the  min- 
eral cannot  bear  the  presence  of  atmosj)heric  air,  such  as  the  evapo- 
rization  of  bitumen  ftom  coal,  we  fill  a  small  crucible  with  the 
substance,  cover  it,  and  as  the  cover  cannot  be  made  to  fit  quite 
close,  we  insert  this  crucible  in  a  second  and  larger  one  and  cover 
that  also.  The  heat  of  an  air  furnace  is  generally  sufficient  to 
perform  this  operation. 

Roasting, — This  operation  is  always  performed  in  the  open 
air.  The  object  is  to  bring  oxygen  iu  contact  with  the  mineral  in 
order  to  oxidize  it,  or  to  remove  those  volatile  substances  which 
are  of  no  use  in  the  assay,  or  cause  it  to  be  incorrect  This  pro- 
cess is  best  performed  in  the  muffle,  which  apparatus  will  be  des- 
cribed presently.  The  substance,  well  powdered,  is  laid  on  a  flat 
dish  of  unglazed  earthenware,  for  which  a  piece  of  a  broken 
flower-pot  is  best  adapted  ;  if  this  cannot  be  had,  the  glazing  of 
any  other  fragment  must  be  removed  by  soaking  it  in  water, 
and  exposing  it  to  a  sudden  heat,  which  will  remove  the  scale. 
The  mineral,  when  simply  a  hydrate,  is  exposed  to  a  strong  red 
heat,  and  stirred  by  means  of  an  iron  rod.     In  these  cases,  there 
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is  no  apprehension  of  melting  the  mass,  and  the  process  is  accelerat- 
ed by  the  heat  When  sulphurets,  or  such  substances  as  are 
liable  to  melt,  are  to  be  roasted,  the  heat  must  be  very  limited 
at  first,  and  never  so  high  as  to  melt  any  of  the  particles.  In 
these  cases,  and  in  all  those  where  iron  may  injure  thetest,  a  glass 
rod  provided  with  a  wooden  handle  is  used  as  a  stirring  instru- 
ment If  it  happens  that  particles  of  the  pulverized  mineral  melt, 
it  may  still  be  exposed  to  a  strong  heat,  in  order  to  drive  off  as 
much  of  the  volatile  matter  as  possible,  and  then  pound  and  sift 
the  substance  once  more.  If  the  melting  is  not  prevented  in  the 
subsequent  operation,  the  material  must  be  pulverized  again,  in 
(act  as  often  as  signs  of  melted  particles  appear.  Most  substances 
are  not  so  fusible  in  the  form  of  oxides  as  in  that  of  sulphurets, 
arseniurets,  and  chlorides,  and  we  may  therefore  increase  the  heat 
as  the  oxidation  progresses.  Some  substances  require  the  addition 
of  carbon  to  remove  the  last  traces  of  volatile  matter ;  such  are 
arseniurets,  sulphates,  and  nitrates ;  in  fact  the  addition  of  a  little 
charcoal  powder  at  the  end  of  the  operation  is  always  advanta- 
geous ;  after  it  is  consumed  a  strong  heat  assisted  by  much  stir- 
ring must  be  applied.  In  some  instances  the  addition  of  a  little 
carbonate  of  ammonia  is  advantageous ;  this  liberates  sulphuric 
acid  and  chlorine,  which  often  adhere  obstinately  to  the  mineral. 
This  ammonia  should  be  applied  in  solution.  The  mineral  is 
therefore  removed  from  the  fire,  cooled,  and  moistened  with  the 
solution,  it  is  then  dried  and  roasted  again.  Some  minerals  will 
melt  in  the  lowest  heat  which  we  can  apply,  such  as  sulphuret  of 
antimony ;  these  may  be  mixed  with  pure  granulated  quartz,  and 
roasted  with  it  The  quartz  is  subsequently  removed  by  washing, 
which  is  easily  performed  when  the  oxide  is  fine  and  the  quartz 
coarse.  Some  oxides  are  volatile,  and  a  high  heat  must  be  pre- 
vented at  the  end  of  the  operation. 

Melting. — ^We  melt  ore  instead  of  exposing  it  to  roasting  or 
calcination,  in  order  to  prepare  it  for  reduction.  This  is  fre- 
quently done  with  copper  ore ;  or  we  melt  it  with  some  flux 
which  will  show  the  relation  of  the  ore  to  the  flux ;  in  case  the 
composition  of  the  ore  is  unknown,  we  approximate  by  these 
means  the  proper  treatment  for  reduction.  We  melt  ore  with 
borax  in  a  clean  silicious  crucible,  to  observe  the  glass  it  forms 
with  the  borax,  or  with  soda,  and  by  these  means  detect  the  pres- 
ence of  such  metals  as  cobalt,  chromium,  manganese,  &c.  By  re- 
ferring to  the  blow-pipe  tests  we  find  the  characteristics  of  the 
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glasses,  which  are  here  produced  on  a  larger  scale,  and  are  of 
course  more  suitable  for  observation.  A  mineral  is  melted  by 
itself  to  ascertain  if  it  loses  in  weight  by  the  evaporation  of 
volatile  metals,  or  to  observe  the  flame  in  the  crucible.  The 
color  of  the  flame  indicates  the  presence  of  one  or  the  other 
kind  of  metal,  as  it  has  been  explained  in  the  blow-pipe  test.  In 
the  mean  time  we  condense  some  of  the  vapors  on  a  cold  iron 
rod  to  observe  the  color  of  the  oxides,  which  are  similar  to  those 
produced  by  the  oxidizing  flame  of  the  blow-pipe.  We  melt  also 
a  mineral  with  other  oxides  or  a  metal  in  order  to  observe  the  effect 
produced,  either  for  the  purpose  of  showing  the  color  of  the 
glass  more  distinctly,  or  to  prepare  the  test  for  reduction. 

Crucibles. — The  process  of  reducing  an  ore  to  metal  is  per- 
formed in  crucibles  or  pots,  of  which  we  employ  two  distinct 
kinds ;  the  one  is  the  clay  crucible  which  is  free  from  all  carbon, 
and  the  other  is  the  plumbago  pot  Cast  iron  crucibles,  or  re- 
torts  of  iron,  are  also  used,  but  not  so  frequently  as  to  form  a 
particular  object  for  description.  Clay  crucibles  are  not,  as  yet, 
manufactured  in  this  country;  we  use  chiefly  the  well-known 
Hessian  crucible  imported  from  Germany*  These  are  perfectly  wdl 
adapted  for  most  assays,  and  are  cheap  and  durable.  Plumbago 
crucibles  are  manufactured  in  this  country  to  great  perfection, 
and  equal  to  the  imported  ones;  the  price  of  these  is  higher  than 
that  of  the  Hessian  pots ;  their  use  is  very  limited  in  the  assay. 
We  are  under  no  particular  necessity  of  using  this  crucible  at  all, 
because  we  can  line  a  clay  crucible  with  fine  coal  dust,  which  is 
equal  in  effect  to  the  plumbago  of  the  black  pot.  In  some  in- 
stances we  need  crucibles  of  pure  coal ;  these  may  be  made  of  a 
piece  of  strong  charcoal  and  are  then  inserted  into  a  Hessian 
crucible.  Generally,  a  Hessian  crucible  is*  filled  with  finely 
powdered  charcoal,  slightly  moistened  and  firmly  rammed  into 
it  until  quite  full;  a  hole  is  then  carved  or  scraped  into  the 
middle,  which  forms  the  pot.  In  other  cases,  we  moisten  the 
fine  coal  dust  slightly  with  gummy  water,  a  solution  of  starch, 
oil,  salt  water,  or  a  weak  solution  of  carbonate  of  potash  or 
soda.  The  paste  thus  formed  is  in  either  case  rubbed  over  the  in- 
ner surface  of  the  clay  pot ;  a  lining  about  |  of  an  inch  thick 
is  thus  formed,  which  is  firmly  dried,  and  forms  the  coal  cruci- 
ble. The  best  lining  for  a  crucible  is  formed  of  dust  from  soft 
coal,  such  as  willow,  poplar,  or  buttonwood  coal.  The  powdered 
coal  is  moistened  with  water  and  firmly  driven  in  an  iron  pot 
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which  has  a  form  similar  to  a  clay  crucible ;  the  cavity  is  scraped 
out  by  means  of  a  knife,  and  the  inner  surface  finely  polished 
by  a  glass  rod.  This  lining  may  be  dried  in  a  red  heat,  provided 
the  caution  is  taken  to  fill  the  crucible  with  fine  dry  coal  dust 
and  cover  it  with  clay.  After  burning,  it  forms  a  strong  pot  of 
a  close  grain,  so  that  the  smallest  particle  of  metal  may  be  de* 
tected  in  it  This  coal  crucible  is  inserted  in  a  clay  pot  and 
used  with  it  It  is  made  i  and  fix)m  that  to  ^  of  an  inch  thi^k 
ia  the  sides.  Good  coal-lined  crucibles  are  indispensable  in 
some  assays.  Wrought-iron  crucibles  or  retorts  are  firequently 
in  use.  The  latter  may  be  made  of  wrought-iron  pipe,  bent,  and 
one  end  stopped  up  by  an  iron  plug. 

Crucibles  must  be  provided  with  a  cover  in  order  to  protect 
the  test  against  the  influence  of  coal  and  atmospheric  air.  This 
cover  should  have  a  handle  on  its  upper  side,  and  fit  closely  to 
the  crucible.  In  case  no  regular  cover  can  be  obtained,  a  slab 
of  fire  clay,  or  even  a  piece  of  fire  brick  may  be  used  as  a  cover. 
A  good  coal,  that  is,  a  knotty  or  spongy  piece  of  coal,  may  also 
serve  as  a  cover,  but  in  most  cases  these  throw  off  splinters  which 
£Eill  into  the  melting  mass  and  frequently  spoil  the  whole  assay. 
If  the  mineral  is  of  such  a  nature  as  to  boil  when  heated,  we  do 
not  cover  the  crucible  at  all,  and  prevent  the  dropping  in  of 
coal  by  setting  around  it  such  coal  as  will  last  imtil  the  assay  is 
completed.  When  crucibles  are  put  on  the  grate-bars  of  a  ftu> 
nace,  the  draft  of  cold  air  will  prevent  the  bottom  from  getting 
hot ;  if  we  raise  it  above  the  grate-bars  and  the  coal  is  below 
it,  the  bottom  heats  quickly ;  but  the  coal  above,  in  consuming 
will  often  sink  on  one  side  a  little  more  than  on  the  other, 
which  causes  the  crucible  to  incline  and  spill  its  contents.  A 
crucible  is  generally  placed  on  a  foot-piece  formed  of  fire-brick. 
This  is  fix>m  three  to  four  inches  high,  and  elevates  the  crucible 
above  the  grate-bars.  When  the  heat  required  for  the  assay  is 
not  very  high,  an  old  crucible,  set  in  an  inverted  position  on  the 
grate,  may  serve  as  a  foot-piece.  If  a  very  high  and  a  protract- 
ed heat  is  required  to  melt  the  test,  or  finish  the  assay,  the  foot- 
piece  must  be  made  of  good  fire-clay,  so  as  not  to  melt  and  pre- 
cipitate the  crucible.  The  material  of  the  test — that  is,  ore  and 
fluxes — ^by  being  pressed  into  the  crucible,  becomes  sooner  heated. 
If  the  test  is  of  such  a  nature  as  to  melt  easily  and  boil  much, 
it  is  not  advisable  to  press  the  mass  too  strongly,  as  it  may 
cause  the  crucible  to  crack,  and  spoil  the  assay.    Moisture  of 
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any  kind,  such  as  water  or  oil,  &c.,  is  objectionable  in  the  cru- 
cible; it  invariably  causes  a  broken  pot.  The  fluid  hardens 
the  mass,  which,  in  expanding  more  than  the  crucible,  causes 
it  to  break. 

Crucibles  are  bad  conductors  of  heat,  and  it  requires  a  long 
time  for  it  to  pass  through  a  pot.  High  temperature  causes  the 
heat  to  penetrate  a  little  faster  than  otherwise,  but  this  is  of 
small  benefit.  It  is  therefore  of  no  use  to  expose  a  crucible  to 
a  high  heat  at  once ;  the  better  plan  is  to  conunence  smelting  at  a 
low  heat  and  gradually  increase  it.  All  crucibles  should  be 
gently  dried,  so  as  to  expel  the  water ;  and  any  pot  which  has 
not  been  thus  dried  is  liable  to  crack  on  being  exposed  to  fire. 
A  crucible  is  set  firmly  in  the  furnace,  upon  its  sole-piece,  while 
the  furnace  is  cold.  The  coal  is  then  carefully  placed  around 
it  and  the  fire  kindled,  so  that  the  heat  may  increase  slowly ;  no 
draught  or  blast  is  applied  during  the  first  half  or  three  quarters 
of  an  hour.  K  a  test  is  suflSciently  melted,  and  the  assay  consid- 
ered as  completed,,  no  fresh  coals  are  applied.  The  coal  is  burn- 
ed down  so  far  as  to  make  the  crucible  accessible  by  the  tongs, 
and  it  is  removed  from  the  fire ;  when  the  sole-piece  adheres  to 
the  crucible,  it  is  removed  also  with  the  pot,  and  broken  oflF  when 
cold.  A  pair  of  blacksmith's  tongs  with  flat  fire  ends  is  used 
for  withdrawing  the  pot  fit)m  the  fire,  or  a  pair  of  basket  tongs 
which  touch  the  crucible  outside  only.  In  most  cases  a  pair  of 
fire  tongs  is  all-sufficient  for  the  removal  of  a  small  crucible,  if 
it  is  not  quite  filled  with  the  test.  When  the  crucible  has  been 
exposed  for  an  hour  or  less  time,  to  the  influence  of  heat,  it  is 
uncovered  and  examined.  If  the  ebullition  has  ceased,  the  pot 
is  covered  again  and  the  fire  urged,  but  no  coal  is  added  to  it 
When  the  fire  bums  quietly  we  may  hear  the  noise  of  ebullition 
and  regulate  it  accordingly.  Some  tests,  those  which  contain  car- 
bonate of  soda  or  potash,  never  cease  their  ebullition,  at  least  not 
before  the  smelting  of  the  ore  is  completed,  and  we  are  compelled 
to  remove  them  before  they  are  settled.  When  the  crucible  is 
cold,  it  must  be  broken  to  obtain  the  metal  button  which  is  found 
at  its  bottom.  If  the  crucible  is  lined  with  coal,  it  is  cautiously 
removed  by  means  of  a  knife,  and  the  lower  parts  of  it  around 
the  button  are  carefully  examined  for  metallic  particles. 

Fumcwe, — In  almost  all  cases,  a  furnace  such  as  is  represented 
in  fig.  94,  is  sufficient  for  assaying  any  kind  of  ore.  This  fur- 
nace is  built  of  fire-brick,  particularly  the  interior  of  it ;    it  is 
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about  3  feet  high,  and  the  ash-pit  b  one  foot  deep.  This  is  best  laid 
on  a  smooth  brick  floor.  Id  case  a  crucible  breaks,  or  the  coq- 
tents  of  a  valuable  assay  are  spilled,  thej  may  thus  be  recovered 
by  washing  the  ashes  of  the  ash-pit.  The  furnace  is  about  2  feet 
high,  and  from  12  to  15  inches  square,  according  to  the  kind  of 
fuel  used.  It  may  be  erected  near  any  chimney,  which  is  at  least 
15  or  20  feet  high.  The  inchned  top  of  the  furnace  is  covered 
by  a  plate  of  sheet-iron,  fastened  to  a  wrought-iron  frame,  which 
slides  easily,  or  may  be  easily  removed  with  a  pair  of  tongs. 
The  flue  of  this  air-furnace  leading  to  the  chimney  is  about  6 
inches  square;  the  size  of  the  flue  depends  on  the  height  of  the 
chimney,  or  the  draught  in  it.  The  grate  consists  simply  of  some 
wrought-iron  loose  bars,  which  may  be  removed  at  any  time. 
Any  air  furnace  in  which  brass  is  melted  in  founderiea,  is 
adapted  for  an  assay  furnace. 


■nace. — Recently  a  blast  furnace  for  assa3ang  has 
icarance,  which  ia  superior  to  all  former  ones.  In 
fig.  95  the  furnace,  and  table  upon  which  it  rests,  are  repre- 
sented. The  table  is  of  a  common  form,  strongly  built ;  the 
bellows  may  be  of  the  form  of  a  smith  bellows,  or  any  other 
we  choose,  provided  it  produces  sufficient  blast  for  a  vivid  com- 
bustion. The  furnace  is  simply  an  iron  pot,  of  a  round  form, 
representing  a  vase,  or  the  interior  of  a  blast-furnace  hearth 
for  smelting  iron.  This  iron  pot  is  lined  in  the  interior  with 
fire-clay,  about  one  inch  thick,  to  protect  the  cast-irou  cloack 
against  the  heat     In  the  lower  part  of  the  fUrnace  is  a  tuyere, 
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consisting  of  a  brass  pipe  which  fits  closely  in  the  iron  pot,  but 
does  not  reach  through  the  clay ;  this  pipe  is  two  or  three  inches 
long,  and  &om  half  an  inch  to  one  inch  in  diameter.  The  furnace 
is  movable  on  the  table,  and  may  be  brought  more  or  less  closely 
to  the  nozzle  of  the  bellows-pipe,  which  is  fixed.  In  bringing 
the  furnace  so  close  to  the  nozzle  as  to  push  the  latter,  which  is 
about  half  the  diameter  of  the  tuyere-pipe,  into  it,  the  draught  is 
weakened  in  the  furnace.  The  strongest  fire  is  produced  when 
the  extreme  end  of  the  nozzle  and  that  of  the  tuyere  are  in  one 
plane,  as  shown  in  the  engraving.  On  such  a  table  two  or  three 
fiimaces,  suitable  for  small  or  large  crucibles,  may  bemused. 
These  tables  and  furnaces  are  very  convenient.  The  operator 
has  the  regulation  of  the  heat  perfectly  in  his  power,  and  much 
coal  may  be  saved  in  their  use  compared  with  the  air-furnace. 

Instead  of  the  above-mentioned  furnace,  a  common  smithy 
may  be  used.  Those  fires  which  are  supplied  with  Porter's  pa- 
tent tuyere  are  the  best.    This  tuyere  is  represented  in  fig.  96. 

pj^  gg  A  conic  valve  which  is  movable 

from  below,  by  a  lever,  causes 
the  tuyere  to  pass  more  or  less 
======'  blast,  by  diminishing  or  in- 
creasing its  size.  Over  this  tuyere,  or  any  other,  a  small  flimace 
of  brick  may  be  erected  and  used  as  the  one  above,  held  together 
by  surrounding  ashes. 

There  is  quite  a  variety  of  fiimaces  in  use,  which,  however, 
are  all  based  upon  the  principle  of  producing  a  lively  heat,  and  put 
it  in  the  power  of  the  operator  to  make  more  or  less  heat  at  any 
time.  For  assays  generally  the  air-furnace,  fig.  97,  is  the  most 
convenient ;  and  if  there  is  any  useful  improvement,  it  consists 
in  the  addition  of  a  blast  below  the  grate.  This  will  enable  us 
to  make  strong  heats  in  a  short  time,  which  is  required  in  some 
assays,  such  as  iron.  The  nozzle  of  a  pair  of  common  smith's 
bellows,  when  directed  into  an  aperture  leading  through  the  brick 
wall  under  the  grate,  will  produce  the  desired  effect.  The  en- 
trance to  the  ash-pit  is  in  this  instance  closed  up,  either  with  an  iron 
plate,  or  walled  up  temporarily  with  bricks.  In  most  cases,  the 
air-furnace  is  preferable  to  the  blast-fiimace ;  and  if  we  provide  it 
with  a  good  chimney,  it  is  the  best  in  all  instances.  In  assaying, 
it  is  of  little  use  to  make  a  rapid  fire  upon  a  cold  crucible,  for 
we  mav  melt  the  crucible  before  its  contents  are  hot.  In  melt- 
ing  metals,  or  alloys,  a  blast-fiimace,  such  as  that  represented  in 
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fig.  98,  is  naefit!,  because  metals  condact  the  heat  very  quickly 
and  are  soon  melted,  which  ia  not  the  case  with  ores.  In  all 
assays  it  will  Bometimes  h^pea  that  a  crucible  is  broken  by  the 
heat,  the  contente  flow  down,  and  a  blastfurnace  is  filled  with 
the  slags,  which  are  not  ao  easily  removed  from  the  fire-pot 
The  air-furnace  is  superior  to  the  blast-furnace,  because  some  of 
the  loose  grate-bars  may  be  removed,  the  formed  clinkers  will 
drop  in  the  ash-pit,  and  such  an  accident  will  not  delay  the 


smelting  of  another  test  An  air-fumace  may  be  used  a  day,  or 
longer,  without  obstructing  the  grate  by  clinkers ;  a  blast-f\imace 
is  soon  so  filled  by  acoriie  as  to  cause  an  interruption  of  the  op- 
eraliona.  Three  or  four  hours'  smelting  in  a  blast-fiimace  fills  it 
with  clinkers.  An  assay  causes  in  most  instances  the  use  of  two 
hours'  fire ;  some  may  be  made  in  a  shorter  time,  but  not  usu- 
ally. It  is  no  advantage  if  we  apply  a  strong  or  too  quick  heat; 
not  much  time  is  saved  thereby,  and  the  danger  of  a  iailute,  by 
breaking  the  crucible,  is  increased. 

Assays  are  not  oflen  performed  on  more  tiian  1000  grainsof  ore, 
which  requires  a  crucible  about  four  inches  high  and  three  inches 
wide.  An  air-furnace  of  eleven  or  twelve  inches  square,  may  take 
three  or  four  such  pots,  if  the  fuel  is  coke  or  anthracite.  Charcoal 
requires  a  larger  furnace  when  more  than  one  or  two  crucibles  are 
to  be  inserted.  In  order  to  smelt  more  than  one  assay  at  a  time,  it 
requires  a  uniformity  of  minerals ;  we  may  smelt  four  lead  assays 
at  once,  but  not  iron  and  lead  at  the  same  time.    The  crucibles 


184  ]££TALLUBGY. 

must  be  firmly  set  on  their  foot-pieces,  so  that  one  after  the  other 
may  be  removed.  When  anthracite  is  the  fuel,  no  foot-pieces 
are  required,  provided  some  attention  is  paid  to  the  filling  of  coal 
and  the  position  of  the  pots ;  in  that  case  a  layer  of  coal  is  laid 
over  the  grate-bars,  and  the  pots  posted  upon  the  coal ;  a  further 
addition  of  coal  is  then  laid  around  and  between  the  crucibles, 
and  fire  is  applied  from  above.  Foot-pieces  prevent  the  heat 
from  reaching  the  bottom  of  the  pots,  which  is  advantageous  for 
lead,  antimony,  and  assays  which  require  little  heat  and  of  which 
the  metals  are  volatile.  Assays  of  iron  are  more  readily  made 
without  sole-pieces,  because  it  requires  a  hot  bottom  to  be  suc- 
cessful. All  assays  work  better  when  the  fire,  ox  heat,  draws 
gradually  downwards ;  that  is,  when  the  upper  part  of  the  test 
is  melted,  while  the  lower  part  is  not  softened.  This  prevents 
ebullition,  and  consequent  loss  of  mineral  from  the  crucible. 
The  fire  is,  therefore,  kindled  above  the  pot;  and  even  when 
assays  have  been  made  and  the  fiirnace  is  hot,  it  is  advisable  to 
drop  the  hot  coal  into  the  ash-pit,  and  start  the  next  operation 
with  fresh  and  cold  coal.  The  fire  is  started  slowly,  that  from 
one  half  to  three  quarters  of  an  hour  may  elapse  before  the  heat 
reaches  down  to  the  grate  bars.  The  plate  which  is  commonly 
used  for  shutting  the  top  of  the  furnace  closes  the  ash-hole  to 
prevent  the  access  of  fresh  air  to  the  fuel,  and  in  the  mean  time 
diminishes  the  draught  so  far  as  to  limit  it  to  the  absorption  of 
the  gas  from  the  furnace.  When  the  crucible  and  furnace  are 
by  these  means  slowly  heated,  the  furnace  cover  is  put  on,  and 
the  draught  increased  to  finish  the  smelting  in  the  shortest  time. 
The  filling  of  coal  is  so  regulated  that  when  the  assay  is  finished, 
the  coal  is  mostly  consumed.  There  is  no  difficulty  in  managing 
charcoal  to  burn  down  to  the  grate-bars ;  it  is  not  so  easy  with 
coke,  and  almost  impossible  with  anthracite  coal ;  of  the  latter, 
some  always  remains  on  the  grate-bars.  Many  coals  contain  sul- 
phur, or  pyrites,  which  in  burning  forms  oxide  of  iron,  which 
combines  with  the  material  of  the  bricks  and  that  of  the  pot.  If 
the  amount  of  iron  thus  liberated  is  great,  it  ofl;en  causes  the  de- 
struction of  the  crucible,  because  it  melts  the  mass  and  forms 
a  fusible  slag  with  it.  It  is  therefore  advisable  to  select  pure  coal, 
free  from  sulphur,  for  assay  operations. 

Gupd  Furnace. — In  order  to  separate  precious  metals  from 
others,  the  cupel,  a  flat  porous  crucible,  is  used.  To  heat  this,  a 
furnace  of  a  peculiar  form  is  required.    In  some  instances  the 
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furnace  is  portable  and  the  fire  urged  by  bellows ;  for  our  pur- 
poses it  is  found  preferable  to  employ  a  stationary  furnace, 
which  is  cheaper  and  equally  effectual.  The  essential  part  of  a 
cupel  furnace  is  the  muffle.  This  is  a  box  in  the  form  of  a  trav- 
elling trunk,  one  end  of  which  is  open.  In  fig.  99,  a  mufSe  is 
represented.  It  is  a  clay  trunk  of  from  10  to  15  inches  in  length, 
5  to  7  inches  in  width  and  height.  The  size  is  detemoined  accor- 
ding to  circumstances.  A  small  muffle  of  10  by  5  inches  is  for 
small  assays  all-sufQcient.  In  the  two  sides  of  the  muffle,  a  series 
of  round  apertures  is  formed  to  cause  a  draught  of  fresh  air  to 
pass  through  the  interior.  The  muffle  is  made  of  fire-claj,  abont 
half  an  inch  thick  and  well  backed  before  it  is  walled  in.  In 
large  cities  uiuffles  may  be  bought  ^^  „ 

ready  made  in  potters'  warehouses. 
The  vapors  and  oxide  of  lead  which 
are  the  result  of  the  cupelling  op- 
eration, are  very  severe  on  the  clay 
of  the  muffle,  and  the  bottom  of  it 
suffers  more  than  any  other  part ;  for  this  reason,  the  bottom  is 
covered  sometimes  with  bone  ashes  or  common  ashes.  This  is  how- 
ever of  httle  use,  for  the  lead  will  rio.  vn 
still  reach  the  clay.  It  also  causes 
the  cupel  to  heat  slowly.  When 
a  bottom  ia  eaten  through,  the  muf- 
fle is  of  no  further  use  and  must 
be  replaced  by  a  new  one.  In  , 
fig.  100,  a  furnace  is  represented  | 
in  which  the  muffle  is  walled  in. 
We  see  in  this  instance  that  the 
whole  of  the  muffle  is  surround- 
ed by  hot  coal ;  it  is  in  the  centre  • 
of  the  heat;  its  bottom  is  about 
five  inches  above  the  grate-bars,  i 
so  that  coals  which  come  down 
on  both  sides  may  fill  the  space  , 
below.  The  bottom  of  the  muffle  i 
need  not  be  so  hot  as  the  top. 
The  oxidation  and  evaporation  of  , 
lead  is  caused  by  reflection  from 
the  top  of  the  muffle.  One  end  of  the  muffle  rests  in  the  front 
brick  wall,  and  the  other  is  supported  by  a  bracket  of  brick  in 
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the  opposite  wall.  The  bottom  must  be  perfectly  horizontal  in 
order  to  afford  to  the  cupels  a  horizontal  position.  The  operation 
in  this  furnace  is  simple  and  easily  performed ;  we  shall  speak 
of  this  hereafter.  The  fire  is  kindled  below  the  muffle,  and  in  the 
first  stages  of  the  operation,  some  few  pieces  of  charcoal  are  laid 
at  the  mouth  of  the  muffle,  in  order  to  heat  it  quickly  and  imi- 
formly.  This  furnace,  with  its  muffle,  is  also  used  for  roasting 
and  calcining  ore. 

When  a  muffle  cannot  be  obtained,  a  large  crucible  may^be 
set  in  a  fiimace  and  serve  the  same  purpose ;  or  if  no  cupel  fur- 
nace can  be  had,  a  cupellation  may  be  performed  in  a  crucible, 
in  the  bottom  of  which  a  hole  has  been  pierced.  Ilie  cupel  is  set 
on  a  level  with  its  metal  in  the  crucible,  and  the  latter  in  the  smelt- 
ing furnace,  so  that  air  may  be  drawn  in  from  below  through  its 
bottom,  and  pass  around  the  cupel,  the  top  being  uncovered.  It 
*  requires  some  attention  to  prevent  the  crucible  from  falling  on 
one  side,  in  consequence  of  the  unequal  consumption  of  fuel  in 
the  fiimace.  The  pierced  crucible  may  also  be  posted  on  a  pierced 
sole-piece.  This  mode  of  working  keeps  the  cupel  rather  cooL 
In  a  charcoal  fire,  a  sole-piece  is  of  great  utility ;  in  a  coke  fire, 
a  little  attention  will  be  equivalent  to  the  sole-piece,  and  in  an 
anthracite  fire  there  is  no  difficulty  whatever  in  cupelling  in  this 
manner. 

The  instruments  used  in  cupelling  are  a  pair  of  small  tongs, 
some  hooks  of  iron  wire,  and  at  times  bent  glass  rods,  also  a  pair 
of  light  tongs  and  an  iron  spoon  for  bringing  the  lead  upon  the 
cupels ;  the  latter  is  likewise  frequently  required  to  melt  a  little  lead 
and  pour  it  into  the  cupel.  A  piece  of  clear  glass  is  used  to 
protect  the  eye  against  the  radiating  heat  firom  the  muffle  while 
examining  the  operation.  All  the  tools  should  be  provided  with 
wooden  handles,  or  they  will  become  hot  very  soon,  and  burn  the 
hands,  causing  accidents  which  may  lead  to  the  loss  of  the  assay. 
The  fuel  is  supplied  to  the  furnace  firom  above,  by  removing  the 
plate  of  sheet-iron  which  covers  the  top.     ,    . 

OupeL — ^Those  small  flat  crucibles  in  which  a  part  of  a  metal- 
lic alloy  is  oxidized,  and  the  oxide  absorbed  by  the  vessel,  are 
commonly  made  of  white  bone-ashes.  A  variety  of  materials 
can  be  used  for  the  same  purpose,  but  none  are  superior  to  bone- 
ashes,  and  few  cheaper  and  more  readily  obtained.  A  good 
cupel  is  a  most  important  instrument  in  the  dry  assay.  The 
quantity  of  precious  metal  contained  in  a  ton  of  alloy  is  often 
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determined  by  operating  upon  a  few  grains  of  the  alloy ;  and  if 
the  cupel  is  imperfect,  the  result  must  be  so  likewise.  For 
making  cupels  the  bones  of  sheep,  or  oxen,  or,  in  very  particular 
cases,  the  cores  of  ox-horns,  are  used ;  these  are  broken  fine  and 
burned  in  an  open  fire  of  charcoal,  and  the  white  ashes  resulting 
from  the  operation  are  ground  fine  and  saved  for  occasional  use. 
It  is  essential  to  good  success  in  cupelling,  that  all  carbonaceous 
matter  should  be  expelled  from  the  bones.  The  calcining  is 
therefore  repeated  when  any  doubt  exists  as  to  its  having  been 
performed  perfectly  in  the  first  operation.  The  bone-ashes  must 
be  perfectly  white,  without  a  shade  of  gray  when  moistened. 
The  burned  bones  may  be  crushed  in  a  mortar,  or  ground  in  a 
mill.  In  all  cases  they  must  be  converted  into  a  fine  powd^, 
which  is  worked  through  a  fine  silk  sieve,  and  subsequently 
washed  in  lukewarm  water.  The  latter  operation  removes  tbe 
soluble  salts  which  are  in  the  ashes.  It  may  be  repeated*  to  firee 
the  powder  entirely  from  such  salts,  because  these  ab^rb  always 
inoisture,  retain  it,  and  cause  the  cupel  to  crack  on  being  ex- 
posed to  heat  The  remaining  powder  consists  chiefly  of  phos- 
phate of  lime,  mixed  with  a  little  carbonate  of  lime,  and  some 
siliceous  matter  derived  from  the  ashes  of  the  charcoal.  The 
cupels  are  formed  in  a  circular  mould  made  of  bronze  or  wrought- 
iron,  or  of  steel.  Tliis  apparatus  is 
represented  in  fig.  101  in  section. 
The  mould  A  forms  a  ring,  more  or 
less  inclined  within,  nicely  turned  and 
smooth;  this  mould  is  firmly  set  on 
an  iron  plate,  and  filled  with  pre- 
viously moistened  bone-ashes.  These 
are  pressed  into  the  mould  by  an  iron 
ramrod  until  it  is  filled.  The  pestle 
B  is  then  set  upon  the  surface  of  the 
ashes,  and  driven  firmly  into  it,  form- 
ing a  smooth  concavity  in  the  cupel. 
In  driving  the  pestle  with  a  wooden 
mallet  into  the  mould,  it  must  be 
turned  around  its  axis,  which  will 
cause  the  cavity  to  become  smooth. 
In  order  to  facilitate  the  latter  opera- 
tion, a  little  dry  bone-ashes  is  sifted  upon  the  cavity,  which 
causes  its  surface  to  be  more  compact  and  assume  a  perfect 
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snoothness.  Small  cupelB,  auch  as  those  of  from  ^  inch  to  two 
inches  diameter,  are  strong  enough  when  manufactured  in  this 
manner.  Larger  cupels,  even  those  of  two  inches  in  diameter,  are 
not  strong  enough  to  resist  the  influence  of  a  great  heat  without 
breaking.  When  this  happens,  the  assay  is  lost,  or  at  least  un- 
certain. Large  cupels  are  made  by  Ming  an  iron  ring  with 
bone-ashes,  as  is  shown  in  &g.  102.  Such  a  ring  has  the  diameter 
of  the  cupel,  and  is  from  j  to  one  inch  high.  It  ia  filled  with 
damp  ashes,  firmly  rammed  in ;  and  the  cavity  is  scraped  out  by 
a  knife,  and  polished  by  rubbing  it  smooth  with  a  convex  steel 
y,^  ,^  button.     The  iron  ring,  which  may 

^..T—    ■-        i-^  be  roughly  made,  is  used  so  long  as 

^^■tf^^^^B^B^^  it  is  not  burned,  and  often  serves  for 
fc^^JSS^^S^^'^  twenty  and  more  successive  cupels 
^  :  :M  and  smeltings.      Each  refining,  or 

^^^Hiit'ii'i*  ^^^^J^'  assay,  requires  in  all  cases  a  fresh 
cupel 
The  moistening  of  the  ashes  for  making  the  cupel  is  a  deli- 
cate  operation,  particularly  when  they  have  been  dry  for  some 
time.  The  degree  of  dampness  at  the  time  of  making  the  cupel 
has  a  marked  infiuence  on  the  result  of  the  operation.  If  the 
ashes  are  too  damp  the  cupel  will  be  porous,  and  liable  to  absorb 
metal  with  the  oxides.  If  the  ashes  are  too  dry,  the  cupel  will  be 
close,  not  sufficiently  porous,  and  work  slow  ;  it  requires  a  hi^ 
heat  to  imbibe  the  formed  oxides.  The  beat  time  for  making 
the  cupel  is  when  the  ashes  have  been  washed  with  warm  water 
and  are  thoroughly  wet.  In  this  damp  state  they  are  exposed  to 
the  influence  of  a  warm  room,  or  to  the  rays  of  the  sun,  and  con- 
stantly stirred  to  prevent  particles  becoming  too  dry.  The  mass 
is  dryed  in  this  manner  until  it  will  hardly  adhere  together  when 
squeezed  between  the  fingers.  It  is  now  wrapped  in  paper  and 
surrounded  by  a  damp  cloth,  to  prevent  the  evaporation  of  more 
moisture.  In  this  state  it  is  employed  for  making  cupels  at 
onoe.  Some  manufacturers  use  farinaceous  substances,  such  as 
beer  or  dissolved  starch,  for  glueing  the  ashes  together.  When 
this  way  of  damping  the  ashes  is  adopted,  the  cupels  must  be 
exposed  to  a  red  heat  before  they  are  fit  for  cnpellation.  Such 
admixtures  cause  the  cupels  to  be  porous,  and  for  alloys  of  gold, 
silver,  and  particularly  copper,  too  porous.  Good  cupels  consist 
of  ashes  neither  too  fine  nor  coarse ;  fine  ashes  are  required  for 
alloys  of  gold  and  silver.    The  cupels  for  pure  gold  or  pure  silver 
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may  be  made  of  coarser  ashes  than  those  for  alloys.  In  assays 
on  minerals  we  hardly  ever  know  if  the  refined  metal  is  pure  or 
alloyed ;  it  is  therefore  necessary  to  make  use  of  the  finest  kind 
of  bone-ashes,  and  use  more  time  in  cupelling.  Coarse  ashes 
cause  the  cupels  to  be  weak,  and  liable  to  break ;  and  what  is 
worse,  such  cupels  imbibe  the  metal  as  well  as  the  oxides.  All 
the  disadvantages  resulting  from  the  use  of  fine  ashes  are  slow 
work,  more  fuel  and  time ;  but  the  assay  is  always  more  correct 
than  in  cupels  made  of  coarse  ashes. 

Fluxes, — The  additions  made  to  ore  in  smelting  it  in  the 
crucible  are  different  in  form,  but  not  in  kind,  to  those  used  in 
the  large  operation.  Fluxes  are  used  to  make  refractory  matter 
fusible;  convert  earths  into  glasses  and  slags;  separate  earthy 
matter  from  the  metallic  oxides,  and  afford  to  these  an  oppor- 
tunity of  combining  with  the  reducing  agent  It  is,  therefore,  a 
leading  principle  in  all  metallurgical  operations,  first  to  combine 
the  foreign  matter  with  a  flux,  and  then  reduce  the  oxide  to 
metal.  Fluxes  are  also  used  to  prevent  the  formation  of  alloys ; 
the  flux  is  then  of  such  kind  as  to  prevent  one  or  more  of  the  metal- 
lic oxides  fixjm  being  reduced.  Fluxes  may  be  alkalies,  acids,  salts, 
metallic  oxides,  or  metals.  The  most  generally  useful  fluxes  are 
lime,  magnesia,  clay,  and  silex ;  in  addition  there  is  glass,  borax, 
fluor-spar,  potash,  soda,  saltpetre,  common  salt,  black  flux,  lith- 
arge, sulphate  of  lead ;  the  oxides  of  copper,  iron  and  others ; 
metallic  lead,  iron,  copper  and  bismuth. 

Silex, — ^In  some  assays  we  need  the  addition  of  silex  to  the 
ore.  We  obtain  it  by  heating  pieces  of  pure  crystalline  quartz 
or  pebbles  to  redness,  and  throwing  them  suddenly  into  cold 
water ;  a  friable  mass  is  obtained,  which  is  easily  converted  into 
a  fine  powder  in  a  mortar.  In  case  the  powder  is  colored  by  a 
metallic  oxide,  it  must  be  boiled  in  muriatic  acid  to  remove  such 
oxide.  It  is  not  difficult  to  find  pure  quartz  pebbles  anywhere. 
Silex  is  that  foreign  matter  most  generally  found  in  ores,  with 
which  we  have  to  contend.  It  is  never  wanting  in  any  metallic 
ore,  and  we  must  vitrify  it  to  remove  it.  We  shall  for  these  reasons 
insert  the  most  characteristic  combinations  of  silex  and  other 
matter ;  the  latter  form  the  fluxes  for  silex. 

Potash, — This  forms  a  very  fusible  compound  with  silex.  It 
increases  the  fusibility  of  any  slag.  Four  parts  of  potash  and  one 
of  silex  fuse  in  a  brown-red  heat,  forming  a  silicate  which  is  solu- 
ble in  hot  water.     One-twentieth  part  of  potash  to  silex,  forms  a 
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fusible  slag  in  a  white  heat  In  case  the  potash  applied  is  a  car* 
bonate,  the  presence  of  carbon  is  required  to  consumate  its  com- 
bination with  silex. 

iSoda  acts  similar  to  potash  with  silex,  its  combinations  are 
to  all  appearances  more  &sible  than  those  of  potash.  It  is  cer* 
tain,  that  the  same  proportion  of  soda  to  silex,  forms  a  more  fusi- 
ble  and  a  stronger  compound  than  potash. 

Potash  and  Soda, — ^A  mixture  of  these  two  alkalies  forms  an 
extremely  good  solvent  for  silex ;  equal  parts  of  flux  and  silex 
are  perfectly  fluid  in  a  cherry-red  heat. 

Baryta. — This  does  not  form  very  fluid  glasses.  If  the  quan- 
tity of  alkali  is  too  large,  the  mass  is  infusible,  and  if  silex  predomi- 
nates, the  mixture  cannot  be  melted.  Two  parts  of  baryta,  and 
one  of  silex,  and  one  of  baryta  and  two  of  silex,  are  the  extreme 
compositions  of  a  fusible  slag.  Baryta  is  generally  employed  as 
a  carbonate,  and  in  the  presence  of  carbon.  lime  acts  like  bary- 
ta, so  does  magnesia. 

Olay. — ^This  does  not  melt  readily  with  silex,  yet  in  a  high 
heat,  one  part  of  day  and  three  parts  of  silex  may  be  converted 
into  a  stony  vitreous  mass;  more  clay  causes  the  mass  to  be 
spongy  and  brittle,  even  after  it  has  been  exposed  to  a  high  heat. 

Various  mixtures  of  these  alkalies,  with  silex,  containing  at 
the  same  time  three  or  more  elements,  are  more  fusible  than  a 
mixture  of  a  single  alkali  and  silex.  Where  one  alkali  is  pre- 
sent in  a  mineral,  the  addition  of  a  second  will  increase  its  fusi- 
bility, and  so  will  the  addition  of  a  third,  fourth,  &c.,  provided 
the  alkalies  do  not  so  far  preponderate  as  to  make  the  slag  refrac- 
tory. As  a  general  principle  we  may  assert,  that  the  multiplica- 
tion of  fluxes  increases  the  fusibility  of  the  slag.  The  addition  of 
a  fire-proof  salt,  such  as  a  fluoride,  chloride,  &c,  considerably  in- 
creases the  same  effect :  and  if  it  is  not  desirable  to  add  silicates 
for  forming  a  slag,  these  salts  will  accomplish  all  that  is  required. 
A  combination  of  clay  and  silex  will  bear  a  large  quantity  of 
lime,  or  other  alkaline  earth,  before  it  ceases  to  be  fusible. 

Manganese,  and  the  oxide  of  cerium,  act  in  a  similar  manner  in 
respect  to  silex.  They  form  easily  fusible  slags.  The  extremes 
appear  to  consist  of  one  part  of  protoxide  of  manganese  and  five 
parts  of  silex,  and  two  parts  of  manganese  and  one  of  silex.  These 
and  all  the  abovementioned  silicates  may  be  formed  in  a  crucible 
lined  with  charcoal.  This  is  not  the  case  with  those  which  fol- 
low ;  and  if  we  desire  to  form  a  slag  of  the  metal  which  is  present 
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in  the  crucible,  we  must  prevent  the  action  of  carbon  on  the 
slag. 

Iron, — ^The  oxides  of  iron  form  an  extremely  good  flux  for 
sLIex,  particularly  the  protoxide ;  but  they  are  reduced  to  metal 
in  the  presence  of  carbon.  The  extremes  of  Visibility  are  one 
part  of  silex  and  five  parts  of  protoxide  of  iron,  and  one  part  of 
the  latter  to  one  and  one  half  of  the  first  Peroxide  of  iron  does 
not  melt  with  silex. 

Copper, — This  metal  does  not  form  very  fusible  silicates ;  one 
part  of  oxide  of  copper  and  |  of  silex  are  hardly  fusible  in  the 
strongest  heat ;  five  parts  of  oxide  of  copper  and  one  of  silex 
compose  the  other  extreme.  Between  these  mixtures  a  fusible 
slag  may  be  obtained,  but  it  is  always  tough  and  pasty.  Pro- 
toxide of  copper  forms  slags  of  a  more  fusible  nature  than  the 
oxide,  particularly  when  clay  is  present 

Antimony. — The  protoxide  of  this  metal  forms  a  silicate  very 
readily,  but  it  requires  3^  of  the  oxide  to  one  of  silex.  It  iB 
doubtful  if  tin  forms  a  silicate  by  itself;  the  oxide  is  soluble  in 
silicates,  but  we  do  not  know  of  its  being  a  basis  for  silex.  Zinc 
does  not  form  a  silicate ;  but  if  clay  is  present,  oxide  of  zinc  may 
be  melted  with  silex. 

Lead  and  Bismuth. — ^These  act  in  a  similar  manner  with  silex ; 
the  oxides  of  these  metals  form  very  fusible  slags  with  it  The 
extreme  of  lead  appears  to  be,  one  part  of  oxide  of  lead  and  ono 
and  a  half  of  silex.  Less  silex  than  this  melts  with  the  oxide 
of  lead  in  all  proportions.  Bismuth  causes  silex  to  be  still  more 
fluid  than  it  is  rendered  by  lead.  The  oxide  of  lead  affords  a 
remarkable  means  of  causing  other  silicates  to  be  more  fluid 
when  mixed  with  them. 

Silver,  gold,  chromium,  and  other  metals,  do  not  form  distin<$ 
silicates,  but  the  oxides  of  these  metals  are  soluble  iu  silicates. 

Borax  is  here,  as  in  a  blow-pipe  assay,  the  most  important  flux. 
It  dissolves  all  the  metallic  oxides,  sUex,  and  all  the  alkalies, 
with  great  facility.  The  limits  of  its  solvent  power  is  in  many 
instances  extensive;  but  it  is  volatile  in  a  high  heat,  and  for 
this  reason  large  quantities  are  often  required  to  dissolve  a  min- 
eral. All  carbonates  are  dissolved  under  ebullition,  caused  by 
the  liberation  of  carbonic  acid ;  we  are  therefore  compelled  to 
use  large  crucibles  in  smelting  with  borax.  This,  when  applied 
as  borax-glass,  is  apt  to  boil  with  almost  every  substance  with 
which  it  comes  in  contact  when  under  the  influence  of  heat.   One 
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part  of  lK>rax  and  three  parts  of  baryta  form  a  fusible  glass  wluch 
is  soluble  in  water.  Borax  has  the  same  power  of  solution  with 
lime,  talc,  and  clay.  A  larger  quantity  of  borax  than  that 
above-mentioned,  dissolves  these  substances  at  a  cherry-red  heat 
Heavy  spar,  fluor  spar,  the  oxides  of  manganese,  iron  and  lead, 
and  sulphate  of  lead,  dissolve  readily  in  equal  weights  of  borax ; 
oxide  of  lead  dissolves  readily  at  the  rate  of  seven  to  one. 

Fluor-spar, — This  is  not  often  employed  as  flux,  because  it  is 
not  always  found  pure.  It  is,  however,  so  good  a  solvent  for 
many  substances,  that  we  cannot  do  without  it.  If  silex  is 
chiefly  present  when  we  employ  it  as  a  flux,  a  large  quantity 
of  fluorine  is  evaporated,  which  carries  with  it  some  of  the  silex. 
In  the  presence  of  alkalies,  clay,  and  metallic  oxides,  the  solvent 
capacity  of  fluor-spar  is  remarkably  increased.  A  mixture  of 
fluor-spar,  borax,  potash,  and  oxide  of  lead,  is  soft  under  the  heat 
at  which  water  boils.  Equal  parts  of  sulphate  of  lead  and  fluor- 
spar melt  in  a  very  low  heat.  Most  other  sulphates  melt  readily 
with  the  spar.  One  part  of  fluate  will  dissolve  eleven  parts  of  sul- 
phate of  lead,  and  form  an  exceedingly  fluid  glass ;  even  one 
part  of  fluate  will  dissolve  sixteen  parts  of  sulphate.  Fluor-spar 
also  dissolves  phosphates,  but  not  perfectly ;  on  sulphurets  it  has 
little  influence. 

Saltpetre, — This  is  easily  decomposed  in  the  presence  of  car- 
bon, and  then  acts  like  caustic  potash  and  soda.  The  presence  of 
any  mineral  facilitates  its  decomposition. 

Clilortde  of  Sodium^  common  salt. — This  forms  a  useful  flux, 
but,  as  it  is  extremely  volatile  with  some  metals,  its  application 
is  very  limited.  Salt  facilitates  the  evaporation  of  metals ;  even 
copper,  iron,  silver,  and  gold,  are  subjects  to  be  carried  oflF  by  its 
vapors,  when  exposed  to  a  high  heat.  At  low  heats  it  may  be 
melted  with  hydrate  of  lime,  and  all  the  alkaline  earths ;  it  facili- 
tates the  solution  of  clay  in  other  salts.  With  carbonates,  sul- 
phates and  fluates,  it  forms  very  fusible  slags.  It  aids  the  solu- 
tion of  metallic  oxides,  when  present  in  small  qaantities ;  but  as 
all  its  combinations  are  volatile,  it  cannot  be  exposed  to  a  pro- 
tracted heat.  In  all  cases,  the  salt  may  be  extracted  by  water 
fix)m  the  combinations  it  has  formed  under  the  heat,  if  it  is  pres- 
ent only  in  small  quantities.  It  is  most  permanent  when  heated 
with  alkaline  earths  or  with  clay.  It  has  no  affinity  for  borates, 
phosphates,  and  little  for  fluates ;  it  does  not  combine  with  phos- 
phurets  and  sulphurets. 
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Block  Flux, — This  forms  at  the  same  time  a  flux  and  a  re- 
ducing agent ;  it  is  prepared  by  mixing  two  parts  of  cream  of  tar- 
tar, bi-tartrate  of  potassa  or  argol,  with  one  part  of  saltpetre.  The 
mixture  is  finely  powdered,  then  put  into  an  iron  vessel  and 
gently  heated, — stirring  it  in  the  mean  time  with  a  red  hot  iron 
rod,  or  with  a  burning  coal.  The  mass  deflagrates  gradually 
and  forms  a  grayish  black  substance ;  this  is  pulverized,  worked 
through  a  fine  sieve,  and  then  placed  in  a  bottle  with  a  ghiss 
stopper  for  use.  This  flux  is  a  fine  mixture  of  potash  and  car- 
bon. It  may  be  successfully  imitated  by  dissolving  molasses 
or  sugar  and  potash  together,  heating  and  evaporating  it  in  an 
iron  vessel,  and  burning  it  in  the  same  manner  as  the  tartar  and 
saltpetre,  by  stirring  it  with  a  red  hot  iron.  A  far  superior  flux 
is  formed  by  a  mixture  of  potash  and  soda  in  which  sugar  has 
been  carbonized.  In  this  operation  the  heat  must  be  low  in  order 
to  save  as  much  carbon  of  the  sugar  as  possible.  A  mixture  of 
oil  and  alkali  may  be  made  to  serve  the  purpose  of  black  flux; 
also  finely  powdered  charcoal  and  alkali.  The  latter  mixture  is 
not  so  efficient  as  the  former  ones,  because  the  carbon  is  generally 
too  coarse.  Instead  of  sugar,  starch  may  be  used,  but  this  is  not 
equal  in  its  efiects  to  sugar.  Soap  is  also  employed  in  some  cases 
where  much  carbon  and  little  flux  is  required.  In  this  instance 
the  raw  soap  should  be  mixed  with  the  test  and  evaporated  in  a 
large  vessel,  before  exposing  it  in  a  crucible  to  the  process  of  re- 
duction, because  it  causes  great  ebullition,  and  wastes  away  the 
mineral  in  a  small  vessel. 

Alkaline  fluxes,  to  which  the  black  flux  particularly  belongs, 
produce  peculiar  efiects  upon  some  metals ;  these  combine  with 
the  metal  of  the  alkali  and  form  alloys,  in  case  sufficient  carbon 
is  present  for  the  purpose.  This  phenomenon  is  more  or  less 
observable  in  all  metallurgical  operations,  and  we  shall  allude  to 
it  in  these  particular  cases.  Antimony,  bismuth  and  lead  combine 
readily  with  potassium  and  sodium,  and  form  an  alloy  in  which 
these  alkaline  metals  are  found  to  the  amount  of  two  or  more 
per  cent.  A  heat  of  long  duration,  and  the  presence  of  finely 
divided  carbon  are  most  suitable  to  produce  alloys  of  this  kind. 
When  carbon  in  a  certain  form  is  present,  such  alloys  take  place 
with  great  facility.  In  heating  animal  coal  and  potash  together, 
the  latter  is  easily  reduced  to  metals,  and  if  any  other  metallic 
oxides  are  present,  these  are  still  more  quickly  reduced  than 
the  potash.      In  manufacturing  prussiate  of  potash,  alloys  of 
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lead  and  potassium  may  be  formed  Tin,  antimony,  and  other 
fusible  metals  absorb  a  large  quantity  of  soda  or  potassium, 
when  their  oxides  are  thrown  ito  the  melted  mass  in  the  iron 
pot,  wherein  prussiate  is  melted,  and  stirred  along  with  it  for  a 
short  time. 

Litharge, — This  is  a  flux  of  great  utility.  It  is  used  as  a  flux, 
and  at  the  same  time  it  forms,  on  being  reduced,  alloys  with  a 
number  of  metals  by  compelling  them  to  separate  from  the  ore. 
The  common  litharge  of  tlie  shops,  is  not  sufficiently  pure  for 
assays,  neither  is  the  carbonate  of  lead.  The  most  certain  meth- 
od to  obtain  good  litharge,  is  to  heat  the  sugar  of  lead  in  a 
Hessian  crucible,  and  evaporate  the  acetic  acid,  but  it  is  not 
advisable  to  carry  the  process  to  melting.  This  operation  may 
be  performed  in  an  iron  vessel,  in  case  a  little  iron  is  not  regarded 
as  deteriorating  the  assay.  Litharge  melts  readily  with  most  min- 
erals; with  alkalies  and  the  alkahne  earths  it  combines;  the  lat- 
ter, however,  are  generally  only  suspended  in  its  mass,  forming 
a  slag  of  a  stony  appearance.  The  presence  of  carbon  sepa- 
rates metallic  lead.  All  the  silicates  are  easily  fusible  in  litharge. 
Clay  or  aluminates  are  not  so  quickly  dissolved  as  silex  and  sili- 
cates ;  five  parts  of  litharge  to  one  of  clay  is  hardly  softened  by 
a  strong  heat.  Heavy  spar  acts  in  a  similar  manner  as  clay ;  nor 
does  gypsum  form  a  more  fusible  slag  with  litharge  than  either 
of  them.  Similar  to  these  is  the  action  of  fluor-spar  and  phos- 
phate of  lime.  The  oxides  of  titanium  and  manganese  are  not  easy 
dissolved  by  litharge.  It  requires  from  five  to  six  parts  to  form 
a  fusible  slag.  Most  of  the  oxides  and  salts  of  iron  form  a  fusi- 
ble compound  with  four  parts  of  the  oxide  of  lead.  The  oxide  of 
copper  does  not  require  more  than  three  parts  of  litharge  to  form 
a  fluid  slag,  when  exposed  to  a  moderate  heat.  The  oxides  of 
antimony  and  lead  melt  in  all  proportions.  Tin-oxide  requires 
six  parts,  and  also  the  oxide  of  zinc,  to  form  a  fusible  mass.  Ar- 
senious  acid  melts  with  equal  parts  of  the  oxide  of  lead,  forming 
a  transparent  yellow  glass ;  the  presence  of  silex  does  not  inter- 
fere with  the  fluidity  of  the  compounds.  The  oxide  of  lead 
forms  an  exceedingly  good  flux  for  silex,  particularly  when  in 
combination  with  other  bases.  In  all  instances,  one  part  of  silex 
to  four  parts  of  litharge  form  a  fusible  slag.  When  clay,  lime 
and  other  substances  are  present  in  the  mineral  under  assay,  it  is 
advisable  to  add  some  borax  to  the  test;  this  increases  the  solvent 
power  of  litharge. 
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Sulphate  of  Lead. — ^This  substance  fonns  a  comparatively  good 
flux.  It  is  decomposed  in  the  presence  of  carbon  or  silex,  or 
lime,  and  forms  litharge,  and  will  flux  these  substances.  It 
forms  also  a  flux  for  sulphurets  and  chlorides,  superior  to 
litharge. 

The  Oxide  of  Copper  serves  as  a  flux  where  any  of  the  previ- 
cious  metals  are  to  be  separated  from  their  ores  and  combined  with 
metallic  copper.  Oxide  of  iron,  metallic  iron,  and  silicates  of 
iron  are  frequently  used  as  fluxes,  particularly  where  a  refractory 
metal  is  to  be  reduced  which  will  not  melt  unless  another  metal 
is  present  with  which  it  may  combine. 

Reduction. — ^The  means  by  which  oxygen  or  the  other  ele- 
ments are  separated  from  substances  in  order  to  restore  these  to 
their  metallic  state,  is  termed  the  reducing  agent.  In  assaying, 
most  of  the  ores  are  oxidized  already,  or  are  artificially  oxidized 
before  the  process  of  reduction  is  entered  upon ;  in  this  case  the 
means  of  reduction  iare  hydrogen,  carbon,  fat  oils,  tallow,  pitch, 
sugar,  starch,  gum,  tartaric  acid,  oxalic  acid,  and  in  fact  all  those  ele- 
ments which  absorb  oxygen  from  the  metals.  When  sulphurets 
are  under  treatment,  metallic  iron  or  lead  is  used  to  absorb  the 
sulphur  and  liberate  the  metal. 

Hydrogen. — ^When  this  gas  is  produced  by  dissolving  iron  or 
zinc  in  a  diluted  acid,  it  is  always  moist,  and  hardly  suitable  to 
perform  a  delicate  operation.  The  hydrogen  gas  used  in  redu- 
cing metallic  oxides  should  be  dry ;  and  if  any  foreign  substances 
may  be  admitted  to  the  metal  it  is  carbon,  which  generally  does 
the  least  harm  to  the  operation.  Carburetted  hydrogen  or  coal- 
gas,  is  used  to  reduce  oxides  under  a  low  heat;  the  carbon 
which  is  precipitated  in  the  formation  of  the  metal  is  removed 
by  washing.  Instead  of  the  carburetted  hydrogen  fi^m  the  gas 
works,  the  gas  produced  from  oil  or  resin  in  a  hot  crucible  is 
used  to  better  advantage.  If  we  fill  a  crucible  with  ^arse  charcoal 
powder,  and  lute  on  the  top  of  it  a  second  crucible  inverted,  and 
insert  in  the  bottom  of  the  covering  crucible  a  tube,  we  may  con- 
dense the  gas  into  a  receiver,  such  as  a  gasometer  or  an  India- 
rubber  bag,  and  preserve  it  for  occasional  use.  Such  an  appa- 
ratus is  represented  in  fig.  103.  In  this  instance,  the  lower  cruci- 
ble is  larger  than  the  upper ;  the  lute  is  made  of  clay  moistened 
with  a  solution  of  common  salt.  The  feeding-pipe,  having 
a  funnel  at  its  top,  which  may  be  stoppered  up  by  a  cork, 
reaches  into  the  charcoal,  but  hardly  to  the  bottom  of  the  crud- 
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ble.  The  gas-pipe  leads  to  a  gasometer,  or  if  arrangementa  are 
made  to  cool  the  gas  before  it  leaves  the  pipe,  it  may  be  conduct- 
ed into  a  caoutchouc  bag.  A  cooling  apparatus  vill  be  described 
under  the  title  of  Quicksilver.  The  gas  produced  in  this  manner  is 
not  quite  pure,  but  is  free  from  moisture.     When  the  first  portions 


of  it  are  suffered  to  escape,  the  other  admixtures  of  the  gas  are 
not  injurious  to  an  assay.  The  pipes  must  be  made  of  iron;  fine 
specimens  of  which  may  be  obtained  in  any  city  at  moderate  prices. 
The  temperature  to  produce  the  gas  must  be  held  as  low  as  pos- 
sible, in  order  not  to  carry  over  more  carbon  than  is  actually 
necessary  to  decompose  the  oil  or  resin.  The  feeding  of  the  cru- 
cible is  performed  gradually,  which  prevents  the  generation  of 
gas  too  rapidly,  and  consequently  the  fracture  of  the  luting  or  the 
crucible.  The  plate  by  which  the  lower  crucible  is  sustained  may 
be  either  of  cast-iron  or  sheet-iron,  or  a  stone  slab. 

Hydrogen,  or  carburetted  hydrogen,  is  applied  by  leading  it 
into  a  glass  tube,  which  contains  the  ore  specimen  in  a  proper 
form  already  heated ;  a  gentle  current  of  the  gas  is  passed  over 
the  ore  until  do  more  is  burned  by  it,  which  is  manifested  by 
its  escaping  in  a  pure  state. 

Carbon. — Refractory  metals  may  be  reduced  by  means  of  hy- 
drogen, but  as  the  temperature  required  to  melt  them  is  generally 
high,  carbon  is  used  for  reduction  with  more  certainty  of  success. 
The  affinity  of  carbon  for  oxygen  is  not  very  strong  at  low  tem- 
peratures, but  at  a  red-heat  it  surpasses  that  of  most  other  sub- 
stances.    It  removes  therefore,  the  oxygen  from  most  combina* 
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lions.  The  temperature  at  which  the  various  kinds  of  coal  com- 
bine with  oxygen  is  variable,  and  in  assays  we  must  be  mindftd 
of  this  peculiarity  of  carbon.  Charcoal  produced  fix)m  soft  wood, 
such  as  willow  and  pine,  is  exceedingly  combustible.  This  fea- 
ture is  augmented  by  charring  the  coal  in  the  lowest  possible 
heat  The  light  coal  of  which  gunpowder  is  manufactured,  is  far 
more  combustible  than  that  formed  of  hard  wood  in  a  heap  in  the 
open  air.  Charcoal  used  in  assaying  is  selected  according  to  the 
quality  of  the  ore  to  be  assayed ;  in  most  cases  the  coal  is  finely 
pulverized,  in  others  it  is  used  in  grains.  If  perfectly  pure  coal 
is  required,  free  from  all  gas,  moisture  and  hydrogen,  it  is  pulver- 
ized and  exposed  to  a  red  calcining  heat  in  a  crucible;  such  coal 
requires  a  higher  heat  for  combustion.  The  ashes  contained  in 
charcoal  have  no  marked  influence  on  the  result  of  an  assay,  when 
the  operation  is  performed  with  the  usual  care.  If  pure  coal  is  re- 
quired, such  as  is  fi^e  from  all  ashes,  we  may  obtain  it  by  calcin- 
ing crystallized  sugar.  Carbon  is  much  inclined  to  form  com- 
binations with  most  of  the  metals,  but  not  with  the  slags ;  any  ex- 
cess of  it  in  an  assay,  therefore,  causes  delay  and  often  a  failure. 
In  such  a  case  the  fine  coal  hinders  the  slag  as  well  as  the  metal 
from  running  together ;  and  we  find  the  assay  in  the  form  of  a 
porous  mass,  consisting  of  grains  of  metal  and  agglutinated  cinder, 
mixed  with  carbon.  When  an  excess  of  carbon  may  injure  the 
assay,  we  melt  the  test  in  a  crucible  lined  with  carbon.  Oil,  tal- 
low, and  resin,  are  also  used  instead,  or  mixed  with  charcoal 
This  is  done  when  the  metal  produced  cannot  bear  a  high  heat 
The  use  of  these  volatile  substances  requires  extreme  caution  to 
succeed  well.  Of  other  reducing  agents,  we  shall  speak  imder 
the  title  of  those  articles  to  which  they  are  applied. 

Power  of  Reduction — The  capacity  of  carbon,  or  carbonized 
material,  is  determined  by  mixing  pure  litharge  with  it,  or  its 
compounds  finely  powdered,  and  weighing  the  resulting  metal. 
Pure  carbon,  when  mixed  intimately  with  an  excess  of  the  oxide 
of  lead,  should  produce  34*31  parts  of  metal  for  one  part  of  car- 
bon. By  experiment  it  is  found  that  one  part  of  pure  charcoal 
produced  31 '8  parts  of  lead ;  common  charcoal,  28  ;  oil  or  fat, 
17*4 ;  rosin,  14*5 ;  sugar,  145 ;  starch,  11*50 ;  gum,  11 ;  tartaric 
acid,  6,  and  oxalic  acid  only  '9.  This  capacity  relates  only  to 
lead  and  those  metals  which  are  reduced  and  melted  at  the 
same  degree  of  heat:  to  iron  or  copper  these  numbers  cannot  be 
i^lied. 
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Smelting, — ^In  the  assay  by  fusion  the  object  is  to  produce  a 
metal  in  its  pure  form,  directly  fjpom  the  ore,  and  in  some  in- 
stances to  produce  all  the  metal  of  a  certain  kind  which  the  ore 
may  contain,  with  a  view  of  comparing  the  result  of  the  assay 
witii  the  smelting  process  on  the  large  scale.  To  succeed  we 
must  deoxidize  the  ore,  and  produce  at  the  same  time  so  much 
heat  as  to  melt  the  metal ;  in  addition,  the  foreign  matter  in  the 
ore  must  be  converted  into  a  fhsible  scoria,  which  generally  floats 
as  a  light  glass  on  the  top.  Different  ores  require  different  modes 
of  operation  to  produce  the  metal.  Oflen  a  variety  of  the  same 
ore  must  be  subjected  to  different  processes.  For  the  latter  reason 
we  convert  most  ores,  which  are  to  be  examined,  into  oxides  by 
roasting.  When  a  specimen  is  to  be  assayed  we  ought  to  know, 
at  least  approximately,  its  composition,  in  order  to  modify  the 
manipulation  accordingly.  In  most  instances,  we  recognize  the 
quality  by  the  appearance  of  the  ore ;  in  others,  we  apply  the 
blowpipe  as  an  introductory  examination.  We  shall,  in  order 
to  facilitate  the  operation,  describe  the  most  prominent  marks 
of  the  ores  which  may  come  under  examination,  and  the  class 
to  which  they  belong.  If  an  assay  is  ineffectual  at  first,  it  is 
repeated  with  proper  modifications  until  a  satisfactory  result  is 
obtained.  There  is  not  much  difficulty  in  this,  as  it  chiefly  re- 
quires the  productioji  of  a  suitable  slag. 

OoM, — ^An  assay  of  gold  ore  is  not  difficult.     K  we  expect 
gold  in  a  specimen,  we  pulverize  it  finely ;  then  pass  it  through 
a  fine  sieve,  and  wash  the  powder  in  an  iron  pan,  or  a  black- 
ened pan  of  any  kind  of  material.    Fig.  104  represents  the 
Fio  iw  manner  in  which  the  operation  is  performed. 

A  pan  is  held  in  one  hand  firmly,  and  some 
water  poured  upon  the  ore ;  the  other  hand  is 
now  used  for  shaking  the  pan  in  a  gentle  but 
rapid  manner.  The  powdered  ore  being  thus 
gathered  to  one  side,  the  heavy  grains  of  gold 
descend  through  the  sand  to  the  bottom  of  the 
pan  and  settle  in  the  corner.  After  shaking 
the  pan  a  few  minutes,  it  is  to  be  moved  so  as  to 
produce  a  gentle  current  in  casting  off  the  water.  This  will  carry 
with  it  some  of  the  sand,  and  diminish  the  quantity  in  the  pan. 
In  repeating  this  process  with  fresh  water,  another  portion  of 
sand  is  removed  from  the  sample ;  and  if  the  shaking  and  re- 
moval of  sand  is  continued,  the  latter  may  be  washed  off  entirely, 
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or  nearly  so.  The  principle  involved  is,  that  the  debris  of  rock 
is  lighter  than  the  gold;  the  latter  will  therefore  sink  to  the 
bottom,  and  the  former  pass  oflF,  by  moving  the  water  gently  on 
the  surface  of  the  pulverized  ore,  which  is  always  retained  in  the 
same  place,  in  a  corner  of  the  pan.  When  the  sand  is  thus  nearly 
washed  away,  a  little  water  is  retained  in  the  pan,  moved  around 
by  inclining  the  pan,  so  that  the  water  flows  always  into  its  comer 
or  lowest  part  This  gentle  current  will  move  the  debris  of  rock 
to  another  part  of  the  pan  and  expose  the  metal  to  view.  When 
this  operation  is  performed  on  crushed  rock,  or  on  alluvial  soil,  it 
is  in  all  cases  necessary  to  pulverize  the  mineral  that  no  particle 
of  metal  may  escape  detection.  In  this  manner  we  cannot  make  a 
quantitative  assay ;  for,  with  the  greatest  attention,  we  lose  half  ot 
the  metal.  Gold  is  very  fine  when  its  ore  has  been  crushed,  and  it 
is  carried  away  by  the  water  in  washing  oflf  the  rocky  matter.  In 
most  cases  we  detect  the  gold  in  its  metallic  state.  When  an  ore  is 
thus  treated,  and  we  do  not  find  it  in  the  residue — ^which  may 
happen  in  silver  ores,  in  the  tellurets,  and  sulphurets,  and  arse- 
niurets — ^we  crush  the  ore,  as  before,  mix  it  with  the  fluxes  and 
smelt  it 

Oold  ores  are  not  often  so  rich  in  metal  that  a  small  quantity 
smelted  would  Aimish  a  safe  estimate  of  the  average  contents  of 
a  mine.  It  is,  therefore,  necessary  to  assay  at  least  600  or  1000 
grains  at  once,  and  repeat  this  operation  on  various  parts  of  the 
vein.  If  the  ore  is  a  ferruginous  slate,  or  quartz,  it  is  intimately 
mixed  with  half  its  weight  of  pure  litharge,  half  its  weight  of 
borax-glass,  and  one  part  of  carbonate  of  potash ;  these  ingredi- 
ents must  be  well  dried  and  the  whole  then  finely  pulverized. 
This  mixture  receives  an  addition  of  sufficient  carbon  to  precipi- 
tate a  certain  quantity  of  lead  in  the  metallic  state ;  and  as  one 
part  of  charcoal  produces  80  parts  of  metal,  we  add  accordingly. 
From  1000  grains  of  ore,  100  grains  of  lead  may  be  produced, 
which  will  contain  all  the  gold  present;  and  in  order  to  obtain 
these,  we  add  4  grains  of  fine  charcoal  and  mix  it  intimately  with 
the  ore  and  flux.  Here  is  more  carbon  than  is  required,  but  we 
must  consider  that  a  little  carbon  is  always  lost  in  the  opera- 
tion. This  mixture  is  put  into  a  Hessian  crucible,  vhich  should 
not  be  more  than  half  filled ;  for  the  mass,  when  heated,  will 
boil  and  overflow  the  brim  of  the  pot  Instead  of  carbon, 
black  flux  might  be  used ;  but  as  we  do  not  know  the  amount 
of  carbon  in  that  flux  exactly,  we  are  exposed,  in  using  it,  to  the 
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producing  of  too  much  or  too  little  lead.  Over  the  test  in  the  cru- 
cible a  little  common  salt,  a  stratum  of  about  a  quarter  or  half 
of  an  inch  thick,  is  laid,  which  will  prevent  the  evaparation  of 
carbon  and  accelerate  the  solution  of  metallic  substances  in  the 
ore.  The  use  of  a  graphite,  or  blacklead  crucible,  is  inadmissible 
in  this  case ;  for  its  carbon  would  precipitate  more  lead  than  is 
needed,  and  cause  it  to  be  impure.  The  crucible  and  contents 
are  now  placed  in  the  furnace,  covered  by  a  slab  to  prevent 
the  falling  in  of  coal,  and  surrounded  with  coal  so  as  to  cover  the 
crucible ;  fire  is  then  applied  at  the  top  by  adding  hot  charcoal 
The  fire  thus  kindled  will  heat  the  crucible  from  the  top  down- 
wards, which  protects  the  pot  and  prevents  its  fracture.  In  half 
an  hour  the  fire  should  be  drawn  to  the  grate-bars,  and  fresh  coal 
added,  sufficient  for  at  least  three  quarters  of  an  hour ;  the  fiimace 
is  then  covered,  the  grate  cleaned,  and  a  vigorous  heat  applied. 
In  half  an  hour  the  furnace-cover  is  partly  removed,  the  cover 
of  the  crucible  lifted,  and  the  contents  examined.  If  the  mass 
is  fluid  but  still  boiling,  that  is,  throwing  up  gas-bubbles,  the  pot 
is  covered  again ;  and  when  there  is  a  deficiency  of  coal  to  last 
the  heat  out,  a  fresh  supply  is  added  to  complete  the  assay. 
When  coke,  or  anthracite  is  used,  we  need  not  add  fresh 
fuel  to  a  once  charged  furnace ;  the  use  of  charcoal,  however, 
makes  this  invariably  necessary.  As  the  addition  of  fresh  fuel 
delays  the  operation,  and  is  in  some  cases  injurious  to  the  assay, 
we  see  the  importance  of  using  hard  coal,  either  coke  or  anthni- 
cite,  in  crucible  smeltings.  A  strong  heat,  and  one  of  short  dura- 
tion, is  all-important  in  this  assay ;  for  lead  is  volatile,  and  the 
flux  will  at  last  eat  through  the  crucible. 

After  the  lapse  of  about  ten  minutes,  the  contents  of  the  cru- 
cible are  again  examined ;  and  if  the  mass  is  now  found  to  be 
perfectly  fluid  and  quiet  on  its  surface,  the  covers  of  the  furnace 
and  pot  are  removed,  the  fuel  rammed  down  by  means  of  an 
iron  rod,  and  the  crucible  withdrawn  from  the  fire  and  set  in  a 
dry  or  warm  place  on  the  brick  floor.  The  crucible  may  be  with- . 
drawn  by  a  pair  of  blacksmith's  tongs,  the  fire-lips  of  which  are 
nearly  as  long  as  the  shanks,  thus  causing  very  little  pressure 
upon  the  sides  of  the  pot.  Basket  tongs  may  also  be  used,  similar 
to  those  of  the  brass-founders ;  but  they  are  generally  too  heavy 
and  clumsy  for  assaying  operations.  On  putting  the  crucible  down 
on  the  floor  some  few  gentle  taps  are  given  to  it,  to  gather  in  the 
bottom  those  globules  of  metal  which  are  suspended  in  the  slag. 
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When  the  crucible  is  perfectly  cool,  it  is  broken  over  a  basin 
with  water,  that  its  contents  may  be  examined  when  wet  In 
the  bottom  of  the  pot,  a  button  of  lead  is  foimd ;  and  on  breaking 
the  scoria,  we  may  examine  it  for  grains  of  metal.  If  no  metal  is 
visible  with  the  aid  of  u  lens,  all  the  parts  of  the  pot  and  the  slags 
are  thrown  away ;  if  metal  is  visible,  the  pot  and  slag  is  to  be 
pulverized,  and  washed,  so  as  to  recover  it.  This  operation  is 
performed  in  a  wash-pan,  like  that  with  the  crude  ore  above  de- 
scribed. All  the  metal  must  be  freed  from  adhering  slags  by 
means  of  the  hammer  and  water ;  it  is  then  weighed  and  a  cupel 
selected  of  equal  weight,  or  heavier,  for  refining  it.  In  the  sub- 
sequent article  on  "  Silver,"  we  shall  describe  the  operation  of 
cupelling,  which  applies  here  as  well  as  to  silver. 

Use  of  Salt — ^In  this  assay  we  recommend  the  use  of  salt  in 
the  form  above  mentioned,  and  not  mixed  with  the  ore  and  other 
fluxes.  Salt  is  not  a  good  flux,  because  it  does  not  aid  in  the 
solution  of  silex  directly ;  it  merely  dissolves  the  metallic  oxides 
and  prepares  them  to  combine  with  silex.  Most  of  the  metals 
combined  with  chlorine  are  very  volatile,  and  in  assays,  other 
than  those  of  the  precious  metals,  salt  is  inadmissible.  Saltpetre 
is  preferable  to  salt ;  but  as  the  oxygen  of  the  saltpetre  is  soon 
absorbed  by  the  carbon  present  m  the  mixture,  no  lead  will  be 
precipitated ;  or  else  all  the  saltpetre  will  be  converted  into  al- 
kaline flux,  which  is  not  a  proper  fiux  for  gold  or  silver  ores ;  it 
causes  the  lead  to  be  so  impure  as  to  cupel  with  difficulty. 
Some  common  salt,  or  fluor-spar,  is  requisite  to  &ee  the  lead  firom 
iron,  copper,  and  such  metals,  which  delay  and  often  spoil  the 
cupelling  of  it  In  these  assays  it  must  be  the  aim  of  the  assayer 
to  obtain  pure  lead  in  the  first  smelting ;  if  it  is  not  obtained,  it 
must  be  remelted  with  a  little  saltpetre,  or  a  mixture  of  saltpetre 
and  common  salt 

Sidphurets  and  Tellurets. — When  gold  ores  are  not  perfectly 
oxidized,  which  frequently  happens ;  when  pyrites  are  present, 
or  the  gold  is  combined  with  tellurium  or  galena,  the  operation  is 
somewhat  difficult,  if  we  expect  a  correct  quantitative  assay.  In 
this  case,  as  well  as  in  the  foregoing,  we  may  assay  by  means  of 
litharge,  using  four  or  five  parts  to  one  part  of  ore,  or  in  fact,  any 
quantity  more  or  less  than  that  specified,  and  precipitate  as  much 
lead  as  we  want  by  means  of  a  specified  quantity  of  coal  or  black 
flux.  Such  an  assay  is  never  correct ;  the  slag  is  decidedly  al- 
kaline, and  it  retains  a  portion  of  the  precious  metal  which  may 
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amount  to  10,  or  20,  or  even  a  greater  per  centage  of  that  contain- 
ed in  the  specimen.  In  all  cases,  when  precious  metals  are  to  be 
assayed,  and  the  object  is  to  obtain  the  whole  amount,  the  slag 
which  is  formed  ought  to  be  of  an  acid  nature ;  if  not  acid,  it 
should  be,  at  least,  a  neutral  salt.  Gold  is  soluble  in  an  alkaline 
slag,  particularly  in  an  alkaline  sulphuret ;  and  it  cannot  be  ex- 
pected to  follow  the  metallic  lead  when  so  dissolved,  or  suspend- 
ed in  the  slag.  The  means  commonly  employed  for  the  purpose 
have  proved  insulB&cient,  and  the  author  has  been  induced  to 
perform  a  series  of  experiments  which  resulted  in  a  more  perfect 
mode  of  assay,  and  in  a  smelting  operation,  the  benefits  of  which 
he  has  secured  to  himself  by  a  patent  right.  This  operation  is  as 
follows.  When  the  ore  contains  sufficient  galena,  no  lead  is 
added ;  but  when  it  does  not  contain  lead,  in  some  form  or  other, 
some  finely -powdered  litharge  is  added  to  the  pulverized  ore,  and 
the  whole  intimately  mixed.  From  ten  to  fifteen  per  cent  of 
oxide  of  lead  is  in  all  cases  sufficient  to  procure  all  the  gold. 
The  pounded  ore  and  litharge  is  mixed  with  about  one  half  of 
its  weight  of  common  salt ;  the  whole  mass  is  moistened  with 
water  so  as  to  dissolve  the  salt,  and  then  exposed  to  evaporation 
under  constant  stirring.  When  dry,  the  contents  are  gently 
heated  in  an  iron  pot  with  a  concave  bottom,  and  as  soon  as  any 
signs  of  melting  are  perceptible,  the  mass  is  diligently  stirred  by 
a  bent  iron  rod.  It  soon  becomes  semi-fluid,  and  the  heat 
should  be  modified  so  as  not  to  make  the  slag  perfectly  fluid  and 
evaporate  the  chlorine,  for  the  latter  must  be  retained.  When 
the  slag  has  been  well  stirred  for  a  short  time,  a  few  small 
pieces  of  burning  charcoal  are  added,  and  stirred  with  the  cinder. 
The  charcoal  reduces  the  oxide  of  lead,  and  the  heat  must  be 
so  regulated  that  no  lead  can  sink  to  the  bottom  of  the  pot) 
but  is  suspended  in  the  semi-fluid  slag.  By  constant  stirring, 
the  particles  of  metalUc  lead  absorb  the  particles  of  gold  which 
may  be  suspended  or  dissolved  in  the  semi-fluid  sulphuret,  and 
an  alloy  is  obtained,  disseminated  in  small  globules  through  the 
mass.  About  half  an  hour  is  sufficient  time  to  finish  this  smelt- 
ing operation ;  the  iron  pot  is  removed  from  the  fire,  and  the 
mass  quickly  thrown  into  cold  water.  Then  the  slag  dissolves, 
the  salt  is  extracted,  and  there  remains  in  the  vessel  a  black,  fine 
powder,  which  feels  like  plumbago ;  it  consists  of  the  sulphurets 
of  various  metals,  and  metallic  lead  in  small  grains  and  spangles. 
The  sulphurets  are  extremely  fine,  and  are  held  in  suspension 
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in  the  strong  brine;  firesh  water  should  be  added  at  discretion, 
the  sulphurets  gently  washed  away,  and  the  remaining  lead 
gathered  for  cupellation. 

By  this  mode  of  assaying  all  the  gold  is  easily  obtained,  but 
it  requires  a  low  heat  and  diligent  work  to  make  the  operation 
successful.  If  sufficient  iron  pyrites  is  present,  the  addition  of  a 
little  lead  serves  to  secure  the  precious  metal ;  if  there  is  only  a 
little  iron  in  the  ore,  a. small  quantity  of  oxide  of  iron  should  be 
added  to  decompose  the  sulphurets.  A  gentle  heat,  the  presence 
of  salt,  and  the  stirring,  cause  the  evaporation  of  some  sulphur, 
also  arsenic  and  tellurium,  and  the  sulphurets  are  thus  deprived 
of  the  power  to  dissolve  gold.  The  gold  is  now  suspended  in  the 
pasty  mass,  and  obtained  by  combining  it  with  metalUc  lead.  If 
the  combination  is  produced  when  the  mass  is  in  a  state  of  rest, 
many  particles  of  gold  may  be  lost,  because  they  are  fine,  and 
washed  away  with  the  water  and  the  fine  sulphurets ;  diligence 
is  therefore  necessary  to  make  the  operation  succeed  well.  The 
presence  of  any  alkali  will  injure  this  operation,  and  if  some  of 
the  lead  remains  in  the  form  of  a  sulphuret  in  the  slags,  the  assay 
is  doubtful.  There  is  no  danger  of  reducing  the  ores  of  iron, 
copper,  or  other  metals  by  carbon;  gold,  silver,  the  platinum 
metals  and  lead  are  the  only  ones  which  can  be  obtained.  The 
addition  of  an  excess  of  carbon  under  the  influence  of  a  limited 
heat,  has  therefore  no  other  eflfect  than  to  increase  the  mass  and 
the  labor  in  washing.  The  lead  obtained  in  this  operation  may 
be  re-melted  in  a  crucible  along  with  a  little  saltpetre  to  form  it 
into  a  button  and  to  free  it  from  impurities. 

In  ancient  times,  assayers  melted  pyrites  in  potash  and  soda, 
and  dissolved  the  slag  in  warm  water,  supposing  that  all  the  gold 
was  contained  in  the  alkaline  sulphureted  solution.  But  this  was 
a  mistake  ;  gold  is  soluble  only  in  alkalies  which  contain  a  large 
quantity  of  sulphur.  Sulphur  must,  therefore,  either  be  added  to 
such  an  assay,  or  the  gold  will  adhere  to  the  metallic  sulphurets 
and  be  precipitated  with  them.  It  is  very  doubtful  if  with  the 
addition  of  sulphur  the  whole  amount  of  gold  is  obtained  in  the 
solution,  because  it  is  not  very  soluble  in  that  menstruum. 
Other  metallurgists  reconmiend  to  melt  the  pyrites  with  saltpe- 
tre and  litharge,  then  to  evaporate  all  the  sulphur  and  produce 
metallic  lead.  This  is  a  safe  way  of  assaying,  but  as  saltpetre  is 
easily  decomposed  and  forms  an  alkaline  slag,  it  requires  either 
a  very  large  quantity  of  the  flux  or  the  assay  is  incorrect.    It 
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needs  at  least  an  amount  of  saltpetre  equal  to  that  of  the  ore 
when  clean,  and  if  the  slag  is  not  very  liquid^  a  part  of  the  gold 
will  remain  in  it  The  method  of  roasting  or  oxidizing  the 
pyrites,  and  removing  the  oxide  by  washing,  is  so  imperfect  that  it 
deserves  no  further  notice. 

If  gold  is  contained  in  metals,  such  as  refuse  iron,  tin,  zinc, 
brass,  or  copper,  under  the  form  of  works  of  art,  it  is  scraped 
oflF  with  a  scraper  or  file.  This  labor  may  be  accelerated  by  ox- 
idizing the  metals  at  a  low  heat.  The  gold  thus  obtained,  as 
well  as  jewellers'  sweepings,  are  either  melted  with  saltpetre,  or 
with  saltpetre  and  lead ;  in  the  latter  case,  some  lead  is  obtained 
which  contains  all  the  gold,  and  may  be  cupelled  in  the  usual 
manner.  In  this  case  tin  or  zinc  is  frequently  present  in  the 
refuse,  and  as  the  oxides  of  these  metals  do  not  melt  in  saltpe- 
tre,  it  is  advisable  to  add  some  common  salt  to  the  assay,  to  re- 
move them  from  the  lead,  for  these  render  the  operation  of  cu- 
pelling slow  and  tedious ;  and  if  zinc  or  antimony  is  present, 
some  of  the  gold  is  carried  oflf  by  the  evaporation  of  these  met- 
als. If  sufficient  saltpetre  is  used,  and  a  little  common  salt^ 
there  will  not  be  any  other  metals  than  lead  and  gold  or  silver 
in  the  button.  It  has  been  proposed  to  free  gold  from  other 
metals  by  means  of  sulphuret  of  antimony,  but  this  operation, 
which  is  generally  practised  by  jewellers  for  refining  their  gold, 
is  not  applicable  to  an  assay,  because  it  is  never  correct.  We 
shall  refer  to  this  subject  in  the  third  part  of  this  work.  It  has 
been  also  proposed  to  oxidize  artificially  all  the  metals  which 
may  be  combined  with  gold,  by  using  black  manganese  or  oxide 
of  iron.  This  method  is  not  sufficiently  correct  to  deserve  any 
notice ;  for  in  all  instances  the  oxides  which  are  formed  contain 
gold  in  small  particles  which  never  can  be  recovered. 

The  true  principle  of  an  assay  for  gold,  in  all  cases,  is  to  form 
a  very  fusible  slag  which  absorbs  all  the  metals ;  and  as  the  gold 
will  adhere  readily  to  melted  lead,  it  should  be  brought  in  con- 
tact with  that  metal  in  a  state  of  fusion,  and  all  the  particles  will 
be  obtained.  Common  salt,  or  borax,  remarkably  promotes  the 
solubility  of  metallic  oxides,  and  in  fact  dissolves  them  very 
readily.  In  all  cases,  therefore,  where  we  have  to  deal  with  met- 
als or  metallic  oxides,  either  one  or  the  other  should  be  present ; 
but)  as  borax  causes  other  metals  than  lead  to  be  formed,  and 
salt  produces  only  the  precious  metals  and  a  limited  quantity  of 
lead,  the  presence  of  the  latter  is,  in  all   cases,  preferable  to 
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borax,  when  the  precious  metals  are  the  object  of  the  assay.  . 
There  is  no  substance  which  dissolves  metals  more  readily  and 
converts  them  into  oxides  than  chlorine,  and  when  this  is  pres- 
ent in  a  suflScient  quantity,  the  precious  metals  are  not  excepted ; 
but  when  metallic  lead  is  once  produced  in  a  crucible,  it  is  only 
necessary  to  bring  the  dissolved  gold  in  contact  with  the  lead  and 
it  is  absorbed  by  it. 

Metals  and  Gold. — ^When  other  metals  are  alloyed  with  gold, 
we  separate  the  first  either  by  cupellation,  or  if  the  kind  and 
quantity  is  not  suitable,  we  convert  the  first  into  oxide  and  di- 
vide the  latter.  The  alloy  of  lead  and  gold  is  the  most  suitable 
for  cupellation,  and  it  is  in  all  cases  advisable  to  remove  all  other 
metals  and  convert  the  alloys  into  this  combination.  As  gold  is 
very  volatile,  these  conversions  must  be  performed  by  as  low  a 
degree  of  heat  as  possible.  The  cupellation  of  lead  and  gold  is 
perfectly  safe  and  easy :  this  is  not  the  case  with  other  metals 
and  gold.  Copper  and  gold  combine  very  readily,  and  in  fact 
more  so  than  lead  and  gold,  but  this  alloy  cannot  be  cupelled ;  it 
is  therefore  melted  with  lead,  and  the  latter  causes  the  oxide  of 
copper  to  be  absorbed  by  the  cupel.  The  operation  is  uncertain, 
for  the  oxide  of  copper  will  absorb  gold  and  carry  it  off.  Such 
an  assay  is  never  correct,  the  refined  gold  containing  copper,  and 
the  oxide  of  copper,  gold.  The  same  is  the  case  with  all  other 
metals,  and  it  is  an  object  of  peculiar  importance  not  to  cupel  a 
test  wherein  other  metals  or  substances  than  lead  are  contained. 
Other  alloys  than  those  of  lead  should  be  dissolved  in  muriatic 
acid,  and  precipitated  by  carbonate  of  soda,  and  the  precipitate 
smelted  like  a  mineral.  In  smelting,  an  excess  of  litharge  is 
used ;  the  quantity  of  lead  is  determined  by  the  carbon  which 
is  added.  An  alloy  of  copper  and  gold  requires  a  large  quanti- 
ty of  lead  for  cupellation.  We  may  assume  that  100  parts  of 
lead  to  one  of  copper  is  not  too  much,  considering  their  relation, 
and  the  uncertainty  of  success  in  such  an  assay.  It  is  easily  im- 
derstood  that  the  solution  of  the  alloy,  and  its  precipitation  with 
an  alkali,  is  the  only  safe  way  of  proceeding.  As  an  alloy  of 
gold  always  contains  some  silver,  and  as  gold  is  not  soluble  in 
muriatic  acid,  the  remaining  parts  which  do  not  dissolve  in  the 
acid  must  be  smelted  with  the  precipitate.  There  would  be  no 
necessity  of  precipitating  the  solution,  and  merely  smelting  the 
residue  would  answer  the  purpose,  but  for  the  circumstance  that 
chloride  of  silver  is  soluble  to  a  certain  extent  in  other  or  soluble 
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chlorides;  and,  as  in  most  cases  the  amount  of  foreign  metals  is 
small,  this  method  does  not  increase  the  labors  of  the  assayer. 

If  the  quantity  of  a  metal  in  a  test  specimen  is  large,  it  is 
advisable  to  make  a  sulphuret  of  the  alloy.  This  is  accomplished 
in  melting  the  specimen  by  adding  gradually  sulphuret  of  iron, 
coarsely  poimded ;  the  native  pyrites  contain  sufficient  to  pro- 
duce this  effect  on  a  large  quantity  of  other  metals.  Galena 
may  be  used  also,  but  it  is  not  so  effectual  as  iron  pyrites.  If 
neither  iron  nor  lead  pyrites  can  be  obtained,  pure  sulphur  is 
used,  which  is  added  to  the  meltecl  or  heated  metal  in  small 
quantities  and  in  the  form  of  a  coarse  powder.  The  resulting 
sulphuret  is  then  treated  as  native  sulphurets,  as  has  been  stated 
in  former  pages. 

Platinum^  Silver,  and  GhlcL — ^The  presence  of  the  first  of  these 
metals  causes  the  cupellation  to  work  slowly,  and  in  some  cases, 
particularly  when  copper  is  present,  the  gold  does  not  form  a 
globule  at  all,  but  is  carried  with  the  oxide  of  copper  and  the 
platinum  metal  over  the  cupeL  In  such  cases  we  melt  the  test 
with  some  silver,  of  which  at  least  twice  the  amount  of  the  gold 
alloy  must  be  added,  and  also  some  lead  to  make  the  mass  fusi- 
ble ;  it  is  then  cupelled  in  a  strong  heat  to  obtain  the  metal  in  a 
perfect  globule.  The  quantity  of  lead  is  variable ;  if  the  heat 
in  the  cupel  is  strong,  which  is  the  most  advantageous,  the  quan- 
tity of  lead  may  be  12  or  14  times  that  of  the  aUoy.  If  the  heat 
is  low,  but  sufficient  to  melt  the  alloy,  the  quantity  of  lead  must 
be  at  least  20  times  that  of  the  alloy.  In  all  cases  the  resulting 
refined  metal  is  adulterated  by  copper  if  that  metal  is  present, 
which  is  more  likely  to  be  the  case  if  the  heat  has  been  low  in 
the  cupellation.  If  no  copper  is  present,  less  lead  may  be  used 
in  refining  the  metal.  The  presence  of  platinum  in  a  test  is 
recognized  by  the  globule,  which  assumes  a  flattened  instead  of 
a  round  form — ^this  is  pre-eminently  marked  in  pure  gold ;  silver, 
or  an  alloy  with  much  silver,  is  also  liable  to  form  a  flat  globule 
in  the  shape  of  a  hemisphere,  while  that  of  platinum  is  dis- 
tinctly flattened.  One  per  cent  of  platinum  will  cause  the  glo- 
bule to  be  rough  and  rugged  on  the  surface,  while  pure  gold  and 
silver  is  perfectly  smooth  and  shows  a  mirror-like  lustre.  In  all 
cases  the  presence  of  platinum  causes  the  globule  to  be  dull  and 
lustreless,  often  showing  crystals  on  the  surface.  When  the  alloy 
contains  more  than  ten  per  cent,  of  platinum,  the  cupel  is  covered 
with  a  silver  coating,  under  the  influence  of  a  strong  heat, 
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wluch  is  often  yellowish  or  grayish,  and  consists  of  platinum 
metal. 

Moist  analysis. — ^When  a  globule  of  gold  is  obtained  in  the 
process  of  cupellation,  it  is  never  pure,  particularly  when  derived 
from  a  mineral.  The  globule,  for  the  purpose  of  testing  it,  is 
flattened  on  a  steel  anvil  with  a  hammer ;  at  first  it  is  placed 
directly  on  the  naked  steel,  and  afterwards  between  strong  and 
thin  paper.  It  is  next  exposed  to  the  influence  of  pure  nitric 
acid,  which  must  be.  free  from  muriatic  acid,  which  will  not  cause 
a  precipitate  with  nitrate  of  silver.  If  the  gold  is  nearly  pure 
it  is  not  attacked  by  the  acid ;  we  melt  it  then  with  some  pure 
lead,  about  equal  to  twice  its  weight,  and  dissolve  this  alloy. 
The  nitric  acid,  gently  heated,  will  now  hold  in  solution  the  lead 
and  silver,  and  leave  gold,  platinum,  and  the  platinum  metals  at 
the  bottom  of  the  vessel.  If  pure  silver  is  at  hand  it  may  be 
melted  with  the  globule,  of  which  an  equal  weight  is  sufficient. 
The  result  is  more  certain  than  by  alloying  it  with  lead.  The 
residue  of  the  solution  is  treated  with  aqua  regia,  which  dissolves 
the  metal.  The  solution  thus  obtained  is  evaporated  in  a  flat 
porcelain  dish,  over  a  basin  of  boiling  water,  which  causes  the 
evaporation  of  all  the  acid.  The  dried  chloride  of  gold  is 
now  dissolved  in  water,  and  to  this  is  added  a  fresh  solution  of 
p^oto-sulphate  of  iron,  which  in  a  short  time  precipitates  the  gold 
in  the  form  of  a  yellowish  brown  powder.  This  is  dull  and 
lustreless,  but  assumes  brightness  when  filtrated,  dried,  and  bur- 
nished by  a  hard  and  polished  substance.  The  proto-sulphate 
of  iron  is  prepared  by  dissolving  copperas,  and  adding  to  the  solu- 
tion pure  metallic  iron.  This  solution  must  be  prepared  some 
days  previous  to  its  use,  for  the  iron  does  not  dissolve  veiy 
readily  in  the  copperas.  A  surplus  of  metaUic  iron  should  always 
be  in  the  solution.  It  is  advisable  to  use  both  gold  and  iron 
solutions  in  a  somewhat  diluted  state ;  it  does  not  then  form  a 
precipitate  at  once,  but  requires  some  time.  The  mixed  solution 
appears  at  first  to  be  light  blue,  and  in  reflected  light  reddish 
yellow ;  the  gold  gradually  subsides  in  the  form  of  a  yellow 
powder.  This  powder  is  pure  gold;  it  is  filtrated  on  clean  paper, 
and  may  be  weighed  in  this  state,  or  it  may  be  gathered  into  a 
globule  with  some  borax  and  saltpetre  in  a  crucible. 

Remarks, — In  all  the  assays  of  gold,  we  must  be  extremely 
cautious  to  avoid  the  presence  of  an  alkaline  slag ;  for  in  most 
cases  some  oxide  or  sulphuret  of  gold  is  always  present  in  a 
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mineral  which  oontaiiis  gold.  Both  are  soluble  in  alkalies,  and 
if  the  slag  we  melt  with  is  alkaline,  we  are  uncertain  of  the  results 
of  the  assay.  Borax,  potash,  and  soda  are  to  be  avoided,  if  possi- 
ble ;  and  the  use  of  salt  requires  caution,  for  all  these  fluxes 
dissolve  gold.  Saltpetre  is  the  most  suitable  flux,  but  in  the 
presence  of  sulphur,  carbon,  and  some  of  the  metals,  it  is  decom- 
posed and  ceases  to  be  good.  Chlorides  are  the  most  practicable 
fluxes ;  but  as  these  cannot  bear  a  high  heat,  nor  one  of  long 
duration,  the  operation  must  be  so  arranged  as  to  perform  the 
assay  in  the  shortest  time  which  is  possible.  For  these  reasons 
the  fluxes  and  mineral  are  mixed  in  a  wet  condition,  to  bring  the 
particles  in  close  contact  before  heat  is  applied — this  facilitates  the 
smelting  considerably.  The  moistened  mass  must  be  dried  be- 
fore it  is  packed  into  an  earthen  crucible,  because  it  will  break 
the  crucible  when  it  is  deposited  in  a  moist  state.  Gold  is  not  ofl«n 
found  in  large  quantities  in  minerals ;  and  as  a  minute  quantity 
is  sufficient  to  pay  for  its  extraction,  the  assay  of  gold  ore  claims 
an  attention  which  is  not  required  in  assaying  the  ores  of  other 
metals.  Chlorides  dissolve  the  oxide  of  gold,  but  not  metallic 
gold ;  and  when  fluid  lead  is  brought  in  contact  with  the  dis- 
solved oxide  or  sulphuret,  it  will  absorb  them ;  but  as  lead  is 
heavy,  it  is  inclined  to  subside,  and  thus  deprives  the  particles 
of  gold  which  still  may  be  present  in  the  slag,  of  an  opportunity 
to  combine  with  it;  for  these  reasons  we  prefer  the  assay  in 
an  iron  pot,  with  a  constant  stirring  of  the  mass.  The  melted 
lead  performs  here  the  office  of  mercury  in  an  amalgamation. 

Platinum  and  Platinum  Metals ;  Palladium,  Ehodium,  Iridi- 
um, Osmium.  The  latter  metals  are  generally  alloyed  with  pla- 
tinum. Platinum  is  exceedingly  refractory;  it  can  be  melted 
only  when  alloyed  with  another  metal.  When  a  grain  of  metal 
of  a  leaden  appearance  resists  all  degrees  of  heat,  and  neither 
melts  nor  oxidizes,  we  may  conclude  that  it  is  platinum.  If  the 
grains  of  the  metal  are  fine,  and  imbedded  in  rocky  matter,  it  is 
treated  as  gold  ore,  melted  with  suitable  fluxes,  and  cupelled. 
In  this  case  silver  must  be  present  to  cause  the  platinum  to  be 
fusible  in  the  cupel.  If  no  silver  is  in  the  ore,  an  addition  of  pure 
metal  must  be  made  to  the  assay.  In  a  strong  heat,  platinum 
combined  with  two  parts  of  silver  may  be  cupelled.  But  as  a 
strong  heat  is  not  generally  at  the  command  of  the  assayer,  it  is 
advisable  to  make  use  of  more  than  two  parts  of  silver  to  one  of 
platinum.    In  most  cases  it  is  the  best  plan  to  arrange  the  assay 
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SO  that  one  part  of  platinum  in  the  ore  is  melted  with  6  parts  of 
silver  and  50  parts  of  lead.  If  less  lead  and  silver  is  in  the 
alloy,  the  metals  palladiam  and  rhodium  do  not  remain  in  the 
^obule,  but  are  spread  over  the  cupel.  If  the  amount  of  plati- 
num in  the  test  is  not  more  than  five  per  cent,  or  ^V  <>f  ^te  silver, 
the  appearance  of  the  globule  in  the  heat  of  the  cupel  is  similar 
to  that  of  pure  silver.  If  tV  ^^  platinum  is  in  the  silver,  the  glo- 
bule does  not  show  the  bright  glistening  surface  of  silver  or  gold, 
but  is  dall  and  gray.  With  J  of  platinum  it  requires  a  strong 
heat,  and  the  cupelling  is  extremely  slow ;  the  grain  is  flattened, 
dull,  and  obstinately  retains  the  last  portions  of  lead.  The  glo- 
bule thus  obtained  in  cupelling,  contains  silver  and  platinum, 
and  it  may  also  contain  gold  and  other  metals ;  if  thrown  into 
concentrated  boiling  sulphuric  acid,  all  the  silver  is  dissolved,  but 
not  the  platinum.  The  residue  is  platinum,  and  if  gold  has  been 
in  the  ^oy,  it  contains  gold.  It  is  then  dissolved  in  aqua  regia, 
some  ammonia  is  added,  and  the  solution  evaporated  over  boiling 
water.  The  dry  residue  is  triturated  with  alcohol  of  '84  specific 
gravity,  and  dissolved  in  water  after  the  alcohol  has  extracted 
the  yellow  liquid.  The  gold  only  is  dissolved ;  the  platinum  re- 
mains as  a  platinum  choride  combined  with  chloride  of  ammonia. 
This  is  calcined  in  a  red  heat  over  the  spirit-lamp,  and  the  re- 
maining powder,  which  is  platinum,  weighed.  The  gold  may  be 
obtained  by  means  of  proto-sidphate  of  iron.  Too  much  silver 
in  the  alloy  is  not  good  for  solution,  because  some  little  platinum 
appears  to  be  soluble  in  sulphuric  acid,  when  the  amount  of  sil- 
ver is  more  than  2  to  1  of  platinum ;  but  as  this  loss  is  very 
small,  the  assay  indicates  too  littie  metal.  When  iridium  is  pre- 
sent the  precipitate  of  platinum-ammonium  chloride  is  red- 
dish or  brick-red,  instead  of  yellow.  The  precipitate  is  then 
calcined  in  a  porcelain  crucible  and  ctissolved  in  aquafortis, 
which  alone  dissolves  platinum ;  this,  when  precipitated  by  am- 
monia, forms  a  yellow  precipitate.  The  separation  of  the  other 
platinum  metals  from  the  solution,  is,  if  not  difficult,  at  least  of 
such  a  nature  as  to  belong  more  to  chemistry  than  to  metallurgy. 
Silver, — The  assay  of  silver  ore  is,  in  itself,  extremely  simple. 
Most  of  the  silver  ores  contain  lead,  others  copper,  which  metals 
in  many  instances  so  far  predominate  as  to  make  their  extraction 
profitable.  We  make  the  assay  in  this  case  with  a  view  to  pro- 
cure the  accompanying  metal.  In  all  cases  it  is  necessary  to 
combine  the  silver  with  some  lead  in  smelting,  and  separate  the 
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silver  by  cupellation.  If  there  is  not  sufficient  lead  in  the  ore, 
litharge  must  be  added  to  increase  it.  The  test  can  be  melted 
with  metallic  lead,  also,  in  case  litharge  cannot  be  obtained  suffi- 
ciently pure.  Metallic  lead  should  be  pure.  It  may  be  tried  by 
cupelling  a  part  of  that  which  is  designed  to  form  the  matrix  for 
the  silver.  If  it  proves  to  be  pure  in  the  cupel — that  is,  shows  no 
other  colors,  but  converts  that  of  the  cupel  into  a  uniform  whitish- 
yellow  and  no  metallic  globule  remains,  we  may  conclude  the 
metal  to  be  sufficiently  pure  for  the  purpose.  The  assays  with 
metallic  lead,  and  those  with  the  oxide  of  lead,have  their  peculiar 
advantages :  the  first  is  for  quantitative  assays  in  the  smelt- works ; 
the  second  is  the  most  convenient  for  qualitative  assays. 

Assay  by  Metallic  Lead. — We  thus  assay  all  the  ores  in  which 
we  expect  to  find  silver,  or  other  precious  metals.  The  lead  used 
in  this  assay,  the  purity  of  which  has  been  tested,  is  granulated 
in  the  following  manner.  The  metal  is  melted  in  a  dean  iron 
ladle,  the  dross  or  sullage  on  its  surface  is  removed,  and  the  liquid 
poured  into  a  wooden  trough,  which  is  previously  rubbed  over 
with  reddle,  in  order  to  prevent  the  burning  of  the  wood.  The 
trough  is  represented  in  fig.  105.    It  is  taken  up  with  both  hands 

Fia.  106. 


and  the  lead  kept  constantly  in  motion  \mtil  it  is  near  congela- 
tion ;  at  this  point  the  lead  is  thrown  up,  and  in  falling  back  into 
the  trough  again  it  is  broken  into  small  fragments,  which  are 
often  very  minute,  and  the  mass  appears  in  the  form  of  fine  sand 
if  the  operation  has  been  well  performed.  When  all  the  lead  is 
thus  divided,  and  cold,  it  is  thrown  on  a  sieve,  of  about  twenty 
meshes  to  the  inch ;  the  fine  part  is  removed  for  use,  and  the 
coarse  grains  which  remain  are  reserved  for  remelting.  This  lead, 
in  quantities  of  two  ounces  for  one  test,  is  placed  upon  a  flat 
dish,  and  mixed  with  the  ore  for  smelting.  The  dishes  used  for 
this  purpose  are  manufactured  of  good  fireclay,  similar  to  that  of 
which  crucibles  or  firebricks  are  made ;  a  mixture  of  three  parts 
of  pure  clay  and  four  parts  of  refractory  sand  is  considered  a  good 
composition.    Dishes  of  three  inches  diameter  are  made  by  hand 
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of  tliis  silicious  clay,  but  where  many  are  required,  it  is  necessary 
to  manufecture  them  by  such  a  machine  as  is  used  for  making 
cupels.  The  capacity  of  the  dish  must  be  abimdantly  sufficient 
to  melt  four  ounces  of  lead  and  half  an  ounce  of  ore.  These 
dishes,  when  first  made,  are  too  soft  and  porous  for  use ;  they  are 
dried  in  the  air  anji  then  baked  in  a  fiimaoe.  Any  potter  can 
manufacture  and  bake  them  with  his  ordinary  ware.  With  a 
cupel  farnace,  having  a  large  muffle,  a  number  of  tests  may  be 
assayed  at  once ;  and  in  all  cases,  two  tests  should  be  assayed 
from  every  species  of  ore.  Whenever  meltings,  smelting  and 
cupelling  are  done  at  the  same  time,  the  dishes,  pots,  or  cupels, 
are  marked  with  reddle,  and  numbered  in  such  a  manner  that 
each  test  may  be  recognized ;  this  reddle  mark  is  not  obliterated 
by  fire.  Two  ounces  of  granulated  lead  are  laid  around  the  edge 
of  the  dish,  so  that  the  concavity  in  the  centre  is  free.  In  the 
middle,  |  of  an  ounce,  or  60  grains,  of  ore  finely  pulverized,  is  placed, 
and  some  of  the  granulated  lead  mixed  with  it,  in  such  a  manner 
that  the  ore  does  not  reach  to  the  edge  of  the  dish.  The  dishes 
thus  prepared  with  ore  and  lead  are  pushed  slowly  into  the  heated 
muffle  of  the  furnace ;  the  most  refractory  specimens  foremost^ 
and  those  afterwards  which  melt  easily.  The  ores  which  contain  x 
much  silicious  matter  or  iron,  are  refractory ;  those  which  con- 
tain pyrites  chiefly,  are  very  fusible.  In  a  short  time,  say  five  or 
eight  minutes  after  exposure  to  the  heat  of  the  muffle,  the  ore 
begins  to  roast,  that  is,  exhale  sulphur,  arsenic,  and  other  volatile 
substances,  and  the  lead  begins  to  melt.  When  ore  and  metal 
are  thus  heating,  the  mouth  of  the  muffle  is  shut  by  a  piece  of 
hard  charcoal,  and  the  dishes  gradually  exposed  to  a  stronger 
heat  by  stirring  the  fire ;  this  must  not  be  done  too  fast,  because 
some  ores  foam  in  melting  and  flow  over  the  lead,  thus  spoil- 
ing the  assay.  The  principal  object  of  this  operation  is  to  form  a 
slag  of  the  ore,  and  bring  at  the  same  time  melted  lead  in  contact 
with  it  in  its  molten  state,  which  may  absorb  the  precious  metal. 
In  case  the  ore  does  not  contain  sufficient  flux  for  melting,  some 
of  the  lead  is  oxidized  by  the  heat,  and  forms  a  flux  for  it.  It  is 
therefore  evident  that  too  much  heat  is  disadvantageous  to  the 
ore,  because  some  of  it  may  boil  over  the  edge  of  the  vessel  and  is 
lost.  The  heat  must  not  be  too  slow  to  act,  because  in  that  case 
the  oxide  of  lead,  which  is  generated  abundantly,  will  eat  through 
the  dish.  The  heat  in  the  muffle  is  easily  regulated,  by  putting 
more  or  less  coal  at  the  mouth.    It  is,  therefore,  advisable  to 
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have  the  fire  rather  too  strong  than  too  weak.  After  the  lapse 
of  fifteen  or  twenty  minutes,  we  observe  a  bright  metallic  spot  in 
the  middle  of  the  dish.  It  is  the  melted  lead  surrounded  by  the 
fluid  ore,  which  is  now  in  the  form  of  a  slag.  The  lead  is  all  the 
time  burning  and  evaporating ;  and  if  these  vapors  of  it  draw 
over  the  dishes,  it  is  an  indication  that  the  heat  is  too  low ;  on 
the  other  hand,  if  these  vapors  rise  high  on  the  roof  of  the  muJHe, 
the  fire  is  too  hot.  The  vapors  of  lead  ought  to  form  a  cloud, 
which  is  suspended  half-way  between  the  roof  and  the  bottom  of 
the  muffle.  The  withdrawal  of  coal  at  the  mouth  of  the  muffle 
will  cool  it,  and  the  addition  of  coal  heat  it.  When  the  bright 
spot  in  the  middle  of  the  dish  disappears,  the  mouth  of  the  muffle 
should  be  entirely  shut,  and  a  strong  heat  applied  about  ten 
minutes  longer.  This  is  the  finishing  heat ;  the  ore  becomes  now 
perfectly  fluid,  and  separates  entirely  from  the  button  of  lead 
below  it.  This  heat  is  sufficient  to  finish  the  operation.  The 
time  consumed  in  the  assay  is  between  one  hour  and  one  and  a 
quarter.  The  dish  is  now  withdrawn  from  the  hot  muffle,  and 
its  contents  cast  into  a  previously  heated  iron  mould,  which  has 
been  rubbed  over  with  some  fat  or  tallow.  Afl«r  the  contents  of 
the  mould  are  cooled  sufficiently  to  adhere  together,  they  are  put 
into  cold  water,  and  the  slag  carefuUy  separated  from  the  lead 
by  striking  it  with  a  hammer.  This  lead  is  ready  for  refining, 
and  may  be  placed  in  the  cupel.  In  case  the  ores  contain  very 
refractory  matter,  such  as  particles  of  clay,  slate,  heavy  spar  and 
quartz,  about  ten  grains  of  borax-glass  may  be  mixed  with  the 
ore ;  but  if  the  test  will  work  without,  it  is  better.  K  a  series  of 
tests  are  to  be  assayed,  it  is  the  best  plan  to  melt  the  whole  of 
them  before  refining  the  lead. 

Smelting  wit/i  Oxide  of  Lead. — All  ores  may  be  smelted  with 
the  oxide  of  lead  instead  of  metallic  lead,  which  is  preferable 
when  much  lead  Ls  in  the  ore.  Some  ores  must  be  roasted  before 
melting;  these  do  not  often  present  themselves,  and  generally  we 
may  smelt  without  previous  roasting.  The  ore  under  examina- 
tion is  finely  pounded,  and  mixed  with  double  its  weight  of  a 
mixture  consisting  of  one  part  of  saltpetre  and  two  parts  of  crude 
cream  of  tartar.  This  is  the  composition  of  black  flux,  which 
may  be  used  here  to  advantage  in  its  crude  form,  particularly 
when  sulphur  is  in  the  ore.  The  use  of  this  mixture  presupposes 
the  presence  of  lead  in  the  ore,  and  one  ounce  is  smelted  at  a 
time ;  this  brings  the  quantity  of  ore  assayed  to  near  five  hun- 
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died  gniins.  If  no  lead  is  in  tlie  ore,  or  very  little,  an  equal 
weight  of  pure  litharge  is  mixed  with  it,  imd  the  other  propor- 
tions are  the  same  as  mentioned  before.  In  most  cases  it  is  the  best 
plan  to  take  100  grains  of  this  kind  of  ore,  and  mix  with  the  required 
Qux  for  smelting.  If  we  want  a  correct  assay  of  lead,  the  teat  is 
not  smelted  in  an  earthen  or  clay  crucible,  but  in  a  copper  pot, 
so  that  all  silicious  matter  is  excluded.  In  fig,  106,  a  pot  of 
this  kind  is  represented.  It  is  about  ^  of  an 
inch  thick  in  metal,  and  as  the  flux  is  exceed- 
ingly alkaline,  very  little  lead  can  remam  m 
an  oxidized  state  in  the  slag.  Over  the  mix- 
ture of  ore  and  flux  a  stratum  of  salt  is  laid. 
This  is  necessary  to  prevent  the  flying  of 
the  ore.  The  crude  flux,  in  detonating  with 
the  saltpetre,  would  throw  out  the  ore  un- 
less it  was  covered  with  salt,  especially  if 
the  narrow  mouth  of  the  copper  pot  was 
open.  A  short  time,  35  or  40  minutes,  are 
sufficient  to  smelt  the  test,  for  which  of 
course  the  heat  must  not  be  made  so  high 
as  to  melt  the  copper.  This  test  may  be 
smelted  in  an  iron  pot  if  the  ore  contains  no  sulphur.  When 
the  smelting  is  finished,  the  contents  are  poured  into  the  iron 
mould,  and  the  quantity  of  lead  which  is  obtained,  shows  the 
exact  quantity  of  that  metal  in  the  ore. 

When  oxide  of  lead  is  added  to  the  assay,  no  test  can  be 
.  made  for  determining  the  quantity  of  lead.  The  operation  i» 
easentialy  the  same  as  that  above  mentioned,  and  may  be  per- 
formed in  a  clay  or  Hessian  crucible,  in  a  black  lead  pot,  or  an 
iron  pot.  The  lead  thus  obtained  is  cupelled.  In  all  cases  where 
crude  tartar  is  used  as  a  flux,  the  fire  must  be  kindled  above  the 
pots,  for  if  it  comes  from  below,  the  detonating  saltpetre  is  apt  to 
throw  most  of  the  ore  out  in  spite  of  all  precautions.  The  fire 
must  be  low  so  long  as  a  noise  is  perceived  in  the  pot ;  when  that 
ceases  the  draught-holes  may  be  opened  and  more  fire  applied. 

In  this  assay  we  may  use  htharge,  as  in  the  gold  assay ;  that 
is,  take  an  excess  of  litharge  and  precipitate  lead  by  mixing  with 
it  a  definite  quantity  of  carbon.  But  in  this  case,  as  in  the  pre- 
vious one,  a  large  quantity  of  silver  may  remain  in  the  slags. 
This  is  of  less  importance  than  in  the  case  of  the  gold  assay ;  still 
it  is  sofBcient  to  cause  an  assay  made  in  a  clay  crucible  to  be  in- 
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correct.  In  all  these  instances,  we  recommend  smelting  in  an 
iron  pot,  with  salt  and  a  constant  stirring  of  the  mass,  and  the 
extraction  of  the  granules  of  lead  by  dissolving  the  cinder.  This 
assay  furnishes  a  more  correct  result  than  any  other. 

When  sulphurets  are  extensively  present  in  an  ore,  the  opera- 
tion is  in  all  cases  performed  with  greater  iiftcility  if  the  test  is 
smelted  with  saltpetre  only,  or  a  mixtute  of  saltpetre  and  litharge, 
to  which  carbonate  of  soda  is  added.  Galena  may  thus  be  con- 
veniently assayed  for  silver,  if  we  pound  it  with  three  or  four 
times  its  weight  of  saltpetre,  and  dry  carbonate  of  soda  of  a  weight 
equal  to  its  own,  or  the  same  quantity  of  oxide  of  lead.  Thus  a 
small  quantity  of  lead  is  produced  which  contains  all  the  silver, 
but  not  all  the  gold  if  any  is  present.  The  sulphurets  may  be 
also  smelted  in  a  clay  pot,  with  just  sufficient  saltpetre  to  oxidize 
all  the  sulphur  and  produce  no  metallic  lead.  The  sli^  thus 
formed  is  covered  by  a  sheet  of  metallic  lead,  which  in  mdting 
down  carries  all  the  silver  with  it.  This  operation  may  be  cor- 
rect when  executed  properly,  but  it  is  one  of  those  difficult  assays 
in  which  the  result  depends  on  the  skill  of  the  operator.  When  an 
assay  is  performed  in  an  iron  pot  under  constant  stirring,  all  the 
sulphurets  of  an  ore  may  be  decomposed  by  litharge ;  when  to  this, 
metallic  lead  is  added  and  the  assay  in  its  fluid  state  is  poured 
into  a  hot  clay  crucible  and  rapidly  melted,  so  as  to  accumulate 
aU  the  metal  at  the  bottom,  we  may  obtain  all  the  silver  in  the 
ore,  but  not  all  the  gold.  If  a  mixture  of  ore  and  flux  of  litharge 
is  so  regulated  as  to  form  an  oxide,  the  ore  never  boils  on  melt- 
ing ;  we  may  therefore  in  such  a  case  fill  the  crucible,  and  cover 
the  top  of  the  ore  with  pure  litharge.  As  much  metallic  lead  will 
be  produced  as  is  indicated  by  the  amount  of  sulphur  in  the  ore, 
which  in  iron  and  copper  pyrites  is  considerable.  An  assay  of 
this  kind  must  be  made  in  the  shortest  possible  time,  for  the 
litharge  soon  eats  through  a  Hessian  crucible.  Thus  we  obtain 
all  the  silver,  and  the  process  is  simple  and  easily  performed ;  the 
heat  necessary  is  too  great  for  an  iron  or  copper-pot,  and  if  the 
assay  is  well  regulated  the  amount  of  metal  produced  may  by 
proper  attention  be  considerably  diminished. 

The  first  method,  that  is  the  assay  with  metallic  lead  in  the 
muffle  of  the  cupel  furnace,  is  the  most  correct,  and  whenever 
any  doubt  exists,  it  may  be  resorted  to  as  a  final  proof  of  a  good 
assay.  It  can  be  applied  in  all  cases  where  the  presence  of  the 
precious  metals  is  expected;   it  is  a  quick  operation,  causing 
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but  little  labor  to  perform  it  on  an  extensive  scale.  It  is  the  best 
method  of  assaying.  The  use  of  borax  facilitates  the  operation  in 
some  measure,  but  when  more  than  ^j  or  /j  of  the  ore  is  em* 
ployed,  the  assay  works  slower  and  is  not  quite  correct. 

OupeUatian. — This  operation  is  similar  to  the  one  described 
above  for  extracting  precious  metals  from  the  ore,  with  only  this 
difference,  that  the  slags  formed  are  absorbed  by  the  porous  mass 
of  the  cupel,  and  thus  expose  the  clean  surface  of  the  hot  metal 
to  the  influence  of  oxygen.  All  the  metals  which  can  be  oxidized 
under  the  influence  of  oxygen  and  heat,  are  thus  oxidized  and  ab- 
sorbed by  the  cupel.  Those  which  cannot  be  oxidized,  and  re- 
main after  the  application  of  the  strongest  heat  on  the  cupel,  are 
called  precious  metals,  in  contradistinction  from  the  others  which 
are  often  called  base  metals.  We  have  spoken  in  former  pages 
of  cupels,  and  of  the  manner  of  their  manufacture,  and  merely  re- 
mark here  that  the  material  of  which  the  cupel  is  made  has  an 
important  effect  upon  the  accuracy  of  the  assay.  Under  certain 
circumstances  one  kind  of  mass  or  composition,  and  under  others 
another  kind,  is  more  correct  Whenever  lead  only  is  to  be  re- 
moved, the  cupel  of  pure  bone-ashes  is  the  best ;  but  when  copper, 
iron,  arsenic,  and  similar  metals,  are  in  the  alloy,  this  cupel  does 
not  give  at  first  a  correct  assay,  and  it  is  necessary  to  alloy  the 
first  result  once  more  with  lead  and  cupel  again.  In  these  in- 
stances, it  has  been  found  that  cupels  made  of  two  parts  of  wood- 
ashes  and  one  part  of  limestone-marl,  are  preferable  to  those  of 
bone-ashes.  In  the  mode  of  manu&cturing  the  cupel  there  is  no 
difference ;  the  ashes  must  be  washed  in  warm  water,  as  before 
explained,  and  the  whole  operation  conducted  as  above  described, 
with  only  this  difference,  that  over  the  cavity  in  the  cupel  made 
of  wood-ashes  a  thin  layer  of  bone-ashes  is  pla;ced.  The  cavity 
of  the  newly-pressed  cupel  is  for  this  purpose  scratched  by  a 
knife,  and  some  bone-ashes  sift;ed  over  it  and  firmly  incorporated 
by  some  strokes  of  a  wooden  mallet  on  the  head  of  the  pestle 
which  forms  the  cavity.  To  prevent  cracks  in  the  concave  sur- 
face of  the  cupel,  it  must  be  set  aside  with  the  cavity  downwards, 
imtil  used. 

Cupelling  is  one  of  the  most  interesting  operations  in  met^- 
lurgy.  We  obtain  by  it  at  once  a  separation  of  the  precious 
metal  fix)m  the  oxidized  metal  in  a  perfect  form,  quantitatively 
determined.  The  chief  condition  of  success  is,  that  the  newly 
formed  oxides,  of  which  those  of  lead  and  bismuth  are  the  only 
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perfect  ones,  should  be  absorbed  by  the  cupel.  Copper  is  ab- 
sorbed also,  but  not  in  a  large  quantity ;  it  is  mechanically  con- 
ducted to  the  pores,  and  soon  fills  the  surface  of  the  cavity,  after 
which  no  more  is  absorbed.  In  a  limited  quantity  all  the  oxides 
are  absorbed  by  the  cupel,  but  not  directly  by  the  mass  of  the 
cupel.  These  oxides  are  conducted  to  the  pores  by  the  oxides 
of  lead  or  bismuth.  As  the  latter  metal  is  very  scarce  and  cai^not 
generally  be  obtained,  we  confine  our  remarks  to  lead  only,  pre- 
suming that  in  previous  operations  all  the  other  oxides  have  been 
removed.  The  cupellation  is  generally  performed  on  a  number 
of  tests  at  once,  for  it  causes  as  much  labor  to  refine  one  test  as 
to  cupel  a  muffle  fuH  of  them.  Those  specimens  which  contain 
gold,  platinum,  copper,  iron,  and  other  substances,  are  placed 
farthest  into  the  muffle,  where  the  strongest  heat  prevails.  The 
tests,  which  are  alloys  of  pure  silver  and  lead,  or  antimony,  may 
be  cupelled  near  the  mouth  of  the  muffle.  If  we  neglect  to 
attend  to  this,  it  may  happen  that  one  test  is  frozen  whil&  the 
heat  carries  off  fi:om  the  other  silver  or  gold,  or  both  together  by 
evaporation.    In  all  cases  we  must  be  provided  with  a  pair  of 

j^  good  tongs,  such  as  is  repre- 

sented in  fig.  107,  to  remove 
any  cupel  which  is  finished, 
or  to  move  a  frozen  cupel  to 
a  hotter  place.  The  cupels  are 
marked  with  reddle,  also  the 
paper  in  which  the  test  was 
saved  with  a  corresponding 
nimiber ;  these  numbers  are 
marked  in  a  book  which  con- 
tains an  account  of  the  min- 
eral or  metal,  whence  it  comes  and  to  whom  it  belongs,  the 
amount  of  ore  assayed  and  the  quantity  of  metal  obtained.  When 
the  cupels  have  attained  a  white  heat,  the  test  is  gently  put  into 
the  cavity,  but  so  that  the  surface  is  not  injured  by  the  cold 
metal ;  it  is  therefore  held  for  a  short  time  over  the  cupel  to  heat 
it  In  some  instances,  assayers  fill  the  cupel  with  the  test  before 
putting  it  into  the  muffle.  This  is  not  the  proper  manner,  for  a 
cupel  may  look  well  when  cold,  but  on  exposing  it  to  the  heat 
of  the  muffle  the  invisible  cracks  open,  and  cause  a  failure  of  the 
assay,  by  absorbing  metal  and  slag.  Before  putting  any  metal  in 
the  hot  cupel,  the  latter  is  closely  examined  by  bringing  the  eye 


GENERAL  METALLUBGIGAL  OPERATIONS.  217 

to  the  mouth  of  the  muffle,  where  it  is  protected  against  the 
radiating  heat  by  interposing  a  pane  of  glass.  K  no  cracks  are 
visible  on  the  surfiwse,  the  metal  may  be  placed  in  the  cupel.  A 
cupel  will  absorb  twice  its  weight  of  oxide  of  lead ;  but  it  is  not 
advisable  to  put  more  than  its  own  weight  into  it,  for  an  excess 
of  lead  will  filtrate  through  the  cupel  and  destroy  the  bottom  of 
the  muffle.  The  cavity  in  the  cupel  should  not  be  too  deep,  for 
this  causes  ashes  above  the  test ;  besides,  the  oxide  of  lead  does 
not  easily  rise  above  its  level,  and  a  deep  cupel  works  slowly ;  as 
the  firesh  air  which  enters  the  muffle  and  passes  over  the  cupel 
does  not  enter  it.  In  most  cases,  we  have  an  alloy  for  cupella- 
tion  in  the  form  of  a  solid  button  of  lead,  which  is  placed  with 
tongs  in  the  proper  cupel.  If  the  test  is  in  fine  grains,  or  in  dust, 
such  as  a  precipitate  of  gold,  it  is  wrapped  in  a  piece  of  thin  sheet- 
lead,  and  put  into  the  cupel.  In  this  latter  case  it  is  advisable  to 
melt  first  a  little  pure  lead  in  the  cupel  before  putting  the  test 
into  it.  A  more  correct  method  of  proceeding  is,  to  melt  lead 
and  the  test  together  in  a  clean  iron  ladle,  shake  it  well  to  dis- 
solve the  gold  or  silver  in  the  lead,  and  cast  this  hot  lead  into 
the  cupel.    A  ladle  of  this  kind  is  represented  in  fig.  108.    It  is 
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a  useful  instrument,  and  serves  fi^quently  to  replenish  a  cupel 
with  firesh  lead.  In  case  a  test  is  &ozen,  the  assay  would  be  lost 
if  we  did  not  furnish  the  firozen  cupel  with  a  fi'esh  supply  of  pure 
hot  lead,  which  will  gather  the  metal,  and  afford  an  opportunity 
of  recovering  the  test.  When  aU  the  cupels  are  fiimished  with 
their  metal,  the  mouth  of  the  muffle  is  partly  shut  with  a  piece 
of  tough  charcoal ;  a  knotty,  well-burnt  coal  is  best  suited  for  this 
purpose.  The  lead  soon  melts,  and  if  the  heat  is  sufficiently 
strong  a  cloud  of  white  vapors  of  lead  rises  over  the  cupels.  If 
this  cloud  is  low — that  is,  hovers  over  the  surface  of  the  cupels — 
indicates  that  the  muffle  is  too  cold.  The  mouth  of  the  muffle  is 
then  closely  shut,  and  the  fire  stirred  to  increase  the  heat.  By  a 
small  hole,  between  the  coals  at  the  mouth  of  the  muffle,  we  may 
now  observe  its  interior.  When  the  cloud  of  lead  smoke  rises 
about  half-way  between  the  roof  and  bottom  of  the  muffle, 
the  heat  is  strong  enough ;  we  now  remove  a  small  coal,  and  admit 
more  air  to  the  interior.    When  the  heat  increases  so  as  to  cause 
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the  vapors  of  lead  to  ascend  to  the  roof  of  the  muffle,  the  ooals 
at  its  mouth  are  removed ;  by  this  means  the  cloud  is  lowered. 
If  the  heat  is  too  high,  the  hot  oxide  of  lead  filters  through  the 
cupel,  and  destroys  the  bottom  of  the  muffle.  It  also  evaporates 
silver  and  gold,  whose  vapors  pass  off  with  those  of  lead.  If  the 
heat  is  too  low,  the  oxides  which  are  formed  do  not  melt  at  once 
and  penetrate  the  cupel ;  a  part  of  the  precious  metal  is  carried 
with  them  over  and  into  the  pores  of  the  vessel.  When  the 
operation  is  well  conducted,  the  melted  test  shows  a  clear  white 
color,  with  a  metallio  lustre,  and  on  its  surface  we  observe  a  con- 
stant motion,  unaccompanied  by  any  signs  of  ebullition.  When 
nearly  aU  the  lead  is  thus  carefully  evaporated,  and  the  test  is 
reduced  to  a  size  which  contains  about  two  parts  of  lead  to  one 
of  silver,  the  mouth  of  the  muffle  is  closed  once  more,  and  the 
heat  increased.  After  a  few  minutes,  we  observe  that  the 
globule  becomes  quiet,  and  assumes  a  clear,  mirror-like  surface, 
no  motion  is  perceptible,  and  around  it  there  is  a  rose  of  dark 
oxides  in  case  the  alloy  contains  any  copper,  iron,  or  other  re- 
firactory  metals.  K  the  heat  is  strong,  and  no  vapors  any  longer 
rise,  the  globule  has  become  clear ;  we  then  gradually  remove 
the  coal  from  the  mouth  of  the  muffle,  and  draw  the  cupels  gentiy 
towards  it  by  means  of  a  hook  of  strong  iron  wire.  K  we  re- 
move the  hot  cupels  directly  from  the  muffle  into  the  cold  air, 
the  hot  globules  are  liable  to  explode,  particularly  when  silver 
predominates  in  the  alloy.  The  surface  of  the  globule,  under 
these  circumstances,  cools  rapidly  and  chills,  while  the  gases 
which  may  be  within  break  the  cold  shell  in  endeavoring  to  es- 
cape, and  throw  off  the  parts  already  cooled  and  solid.  When 
the  globules  are  very  small,  or  contain  much  gold,  they  will  not 
explode,  and  the  cupels  may  be  removed  at  once  with  the  tongs. 
If  the  lead  which  has  been  used  in  melting  or  cupelling  is 
not  quite  pure ;  if  it  contains  silver,  which  most  of  the  market- 
able lead  often  does,  we  take  anamoimt  of  crude  lead,  equal  to 
that  employed  in  the  assay,  and  cupel  it  by  the  side  of  its  cor- 
responding test.  The  silver  thus  obtained  from  the  crude  lead 
is  subtracted  from  the  assay,  and  the  difference  is  the  actual  yield 
of  the  ore  in  precious  metal.  If  the  cupels  are  not  sufficiently 
large  to  contain  the  whole  of  the  crude  lead,  it  is  divided  into  two 
parts  and  refined  in  two  cupels ;  the  weight  of  the  globules  must 
be  equal,  and  both  are  subtracted  from  the  weight  of  the  test 
specimen. 
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The  operation  of  cupeUing  is  not  difficult,  bat  it  requires  ex* 
perience  to  do  it  so  perfectly  as  to  rely  with  confidence  on  the 
result.  In  all  instances  the  yield  thus  obtained  by  the  assay  is 
smaller  than  the  yield  on  the  large  scale ;  this  difference  is  greatly 
increased  by  irregular  or  imperfect  work.  C!old,  or  frozen  oxide 
must  not  by  any  means  be  deposited  in  the  cupeL  It  is  there- 
fore advantageous  to  commence  the  operation  under  a  strong 
heat,  and  modify  it  in  the  course  of  the  process.  As  the  test  is 
poor  in  silver  as  yet,  it  will  not  lose  much  of  the  silver  by  the 
evaporation  of  the  lead.  If  the  test  is  poor  in  silver,  the  heat 
may  be  stronger  throughout  the  operation  than  if  it  is  rich.  The 
last  heat  should  be  strong  in  all  cases  but  of  short  duration,  to 
prevent  as  much  as  possible  the  evaporation  of  silver.  If  it  is 
found  necessary  to  cool  either  cupel,  it  may  be  done  by  placing 
a  piece  of  cold  iron  or  clay  beside  it  If  the  whole  muffle  is  too 
hot,  and  the  removal  of  the  coal  at  its  mouth  does  not  reduce  the 
heat  sufficiently,  a  shovel  or  a  piece  of  cold  iron  held  within  the 
mufflle  will  effect  it.  K  the  draft  into  the  muffle  is  too  strong, 
and  passes  too  much  air  into  it,  the  metal  is  liable  to  a  rapid  evap- 
oration and  loss  of  silver;  in  this  case  the  draft  may  be  modi- 
fied by  narrowing  the  mouth  of  the  muffle  with  a  brick.  A  rapid 
circulation  of  fresh  air  in  the  muffle  always  causes  a  considem* 
ble  loss  of  silver.  We  cannot  furnish  a  better  rule  for  regulating 
it  than  that  given  above ;  the  cloud  of  lead- vapors  should  move 
slowly  midway  between  the  roof  and  the  bottom  of  the  muffle. 
When  only  a  few  cupels  are  in  the  muffle,  these  may  be  moved 
to  those  places  where  they  will  be  exposed  to  a  higher  or  lower 
heat.  The  loss  of  silver  thus  caused  by  evaporation,  is  small  but 
manifest.  Another  loss  is  caused  by  oxidation,  and  the  silver  is 
absorbed  by  the  cupel  with  the  oxide  of  lead ;  a  third  loss  con- 
sists of  that  found  in  the  crevices  of  the  cupel  in  a  metallic  state; 
The  latter  cause  of  loss  is  diminished  by  having  close  cupdft 
which  are  free  from  cracks  and  fissures.  It  is,  therefore,  not  pos- 
sible to  fiimish  a  correct  estimate  of  the  loss  which  may  happen 
in  an  assay;  sometimes  it  is  found  to  be  *003,  at  others  *05. 
All  metallic  lead  contains  silver ;  so  does  litharge  and  even  sugar 
of  lead,  and  various  other  salts  of  lead  are  not  entirely  free  from 
it ;  the  amount  is  often  very  small,  still  it  can  be  detected.  All 
slags  from  the  smelting  operations  contain  silver,  and  those  in 
which  the  oxide  of  lead  predominates  contain  most  of  it.  Those 
assays  in  which  much  lead  is  used  and  little  metal  obtained  for 
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cupellation,  cause  more  loss  in  silver  than  those  in  which  all,  or 
nearly  all,  the  oxide  of  lead  is  converted  into  metaL  The  losses 
accruing  from  smelting  are  never  so  great  as  those  sustained  in 
cupellation. 

The  color  of  the  cupel  shows  the  kind  of  metals  in  the  teat 
besides  lead  and  precious  metal.  Pure  lead  colors  a  cupel,  of 
white  bone-ashes,  yellow,  which  is  often  inclined  to  orange ;  bis- 
muth does  the  same.  Copper  causes  a  gray  coating,  which  is  often 
reddish  or  brown ;  iron  produces  a  black,  often  brownish,  coating; 
tin  causes  a  gray  one  and  invariably  freezing ;  zinc  deposits  a 
yellow  powder,  and  causes  freezing ;  it  occasions  also  a  loss  in 
silver  by  evaporation  and  by  ebullition.  Antimony  causes  a 
bright  yellow  color,  and  in  most  cases  a  considerable  loss  in  silver 
by  evaporation ;  it  also  causes  the  cupel  to  crack,  which  then  ab- 
sorbs the  metal. 

In  the  same  manner  as  ores  are  assayed  and  cupelled,  the  pro- 
ducts of  smelting  operations  are  smelted  and  refined.  The  met- 
als from  the  furnaces  are  cupelled  at  once,  if  they  consist  of  suf- 
ficient lead  to  admit  of  it.  If  the  lead  contains  other  metals,  it 
is  necessary  to  melt  it  in  a  clay  dish  with  some  saltpetre  and  salt, 
to  remove  by  oxidization  those  metals  which  may  interfere  with 
the  operation.  Slags,  or  sediments  from  the  furnaces,  or  con- 
densed vapors  from  the  top  of  the  furnaces,  are  in  all  cases  treat- 
ed as  an  ore ;  that  is,  they  are  melted  in  a  flat  dish  with  metallic 
lead,  the  foreign  matter  vitrified,  and  the  silver  thus  brought  into 
combination  with  the  lead.  The  quantity  used  for  one  assay  may 
equal  that  mentioned  before ;  but  as  these  materials  are  generally 
poor  in  silver,  it  may  be  found  advantageous  to  increase  the  test  to 
100  grains,  instead  of  60  grains,  and  melt  with  the  same  amount 
of  lead.  To  the  metal  from  the  furnace,  an  equal  weight  of  pure 
lead  is  added  for  vitrification,  in  case  we  suspect  the  presence  of 
other  metals  than  lead. 

Assay  of  an  Alloy, — The  silver  obtained  in  the  large  opera- 
tion by  refining,  is  never  pure.  It  generally  contains  lead,  cop- 
per, and  frequently  other  metals,  which  on  an  average  amount 
to  from  one  to  four  per  cent.  This  refined  silver  may  be  tested 
as  to  its  purity  by  cupellation.  A  small  piece  of  silver  is  cut 
from  the  ingot  on  two  opposite  sides,  so  as  to  have  the  average  of 
the  alloy.  One  pennyweight,  or  twenty  grains,  from  each  side  of 
the  silver  bar,  will  make  the  test  two  pennyweights:  two  of 
these  tests  are  cupelled  at  once,  each  with  half  an  ounce  of  pure 
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lead.  At  the  same  heat,  and  in  the  cupels  side  by  side,  two 
tests  of  lead,  each  of  half  an  ounce,  are  refined  in  order  to  ex- 
tract the  silver  contained  in  the  pure  lead  from  the  result  of 
the  cupellation.  The  cupels  are  heated  in  the  muffle  to  a  white 
heat,  before  the  lead  is  put  in  for  the  silver  test ;  and  when  the 
latter  is  melted  and  begins  to  evaporate,  the  silver  is  laid  in  the 
fluid  lead,  and  at  the  same  time  the  two  tests  of  pure  lead  are 
placed  in  their  respective  cupels.  The  operation  is  now  conducted 
exactly  as  before,  and  the  results  compared.  Silver,  which  is  con- 
tained in  coin,  or  in  trinkets,  or  in  plate,  may  be  thus  deter- 
mined ;  but  as  in  these  cases  the  amount  of  copper  is  generally 
very  large,  and  as  oxide  of  lead  will  conduct  only  a  limited 
amount  of  copper  oxide  into  the  pores  of  the  cupel,  it  is  neces- 
sary to  increase  the  quantity  of  lead  in  cupellation,  or  remove 
most  of  the  copper  by  melting  it  previously  with  fluxes,  which 
absorb  the  oxide  of  copper.  K  the  amount  of  copper  is  not  too 
large,  or  if  it  is  desirable  that  the  test  should  be  made  directly 
on  the  cupel,  we  operate  exactly  as  described  above ;  that  is,  we 
melt  the  lead  first,  and  place  the  test  in  it,  refining  at  the  same 
time  some  pure  lead.  The  quantity  of  copper  alloyed  with  sil- 
ver determines  the  quantity  of  lead  to  be  used  in  the  assay ;  if 
the  amount  of  copper  is  10  per  cent,  7  parts  of  lead  are  suffi- 
cient for  cupellation;  if  the  copper  is  20  per  cent,  10  parts  of 
lead  are  required;  for  80  per  cent  of  copper,  14  parts  of  lead; 
and  for  more  copper,  17  parts  of  lead  to  that  of  the  alloy  are 
necessary.  Pure  silver  requires  actually  not  more  than  '8  parts 
of  lead  for  cupellation ;  but,  as  in  assays  we  cannot  expect  to 
find  pure  silver,  we  employ  at  least  8  parts  of  lead  to  one  of 
silver.  In  all  cases  where  copper  is  alloyed  with  silver,  we  never 
succeed  in  removing  it  all  by  cupellation ;  fit)m  one  quarter  per 
cent,  to  one  half  per  cent,  of  copper  will  always  remain  after  the 
best  and  most  accurate  assay.  Copper  is  the  only  metal  which 
may  be  brought  on  the  cupel  without  causing  any  serious  incor- 
rectness ;  all  other  metals  in  an  alloy  must  be  removed  before  cu- 
pellation takes  place.  Native  silver,  sulphuret  of  silver,  galena, 
copper  pyrites,  chloride  of  silver,  arseniuret  of  silver,  and  other 
compounds,  may  be  cupelled  directly,  or  with  the  addition  of 
lead.  When  we  consider  the  simplicity  of  smelting  in  the  flat 
dLsh, — that  is,  the  process  of  vitrification, — and  the  correctness  of 
the  assay  made  in  this  manner,  we  find  there  is  nothing  gained 
in  attempting  to  avoid  the  smelting  of  the  test    The  method 
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by  vitrification  is  perfectlj  safe,  when  the  necessary  corrections 
are  applied. 

An  assay  of  silver  ores  is  to  all  appearances  not  so  very  sim« 
pie,  and  as  the  chloride  of  silver  is  perfectly  insoluble  in  water 
and  nitric  acid,  the  moist  analysis  seems  to  be  more  suitable  to 
produce  a  correct  estimate  of  the  amount  of  silver  in  a  mineral 
or  an  alloy.  This  is  actually  not  the  case ;  the  moist  analysis  is 
by  no  means  simple— it  requires  by  fiir  more  sagacity,  knowledge, 
and  means,  than  the  assay  by  way  of  smelting  and  cupellation. 
The  chloride  of  silver  is  soluble  in  most  of  the  salts  of  lead 
and  other  metals ;  less  so,  however,  in  those  of  copper,  and  also 
in  all  chlorides ;  hence  more  silver  may  escape  our  observation 
than  the  loss  in  cupellation  and  smelting  amounts  to.  The  latter 
process  causes  a  uniform  loss,  which  we  may  estimate,  after  some 
experience.  This  is  not  the  case  if  we  operate  with  the  moist 
analysis ;  the  ultimate  result  may  be  too  large  or  too  small,  we 
have  no  means  of  knowing  it.  When  the  operation  of  the  wet 
assay  has  not  been  performed  with  the  most  accurate  means  and 
skill,  the  result  of  the  analysis  is  never  correct ;  and  as  in  metal* 
lui^cal  operations,  we  cannot  pay  such  close  attention  to  assays 
as  is  done  in  a  chemical  laboratory,  we  conclude  the  dry  assay  to 
be  decidedly  the  most  preferable  way  of  treating  silver  ores. 

AmalgamcUion, — Some  minerals  contain  gold,  silver,  and  other 
metals,  which  may  be  amalgamated  or  combined  with  quick- 
silver ;  we  shall  speak  of  this  process  more  extensively  hereafter, 
and  allude  to  it  here  chiefly  as  an  experimental  test,  to  determine 
the  character  of  an  ore  in  respect  to  the  large  operation.  All 
those  ores  which  contain  native  metals  may  be  amalgamated ;  the 
mercury  will  absorb  these  metals  and  form  an  alloy  in  case  any 
affinity  exist  between  them  and  it.  Native  gold  and  silver,  chlo- 
ride of  silver,  sulphuret  of  silver  and  gold,  and  others,  may  be 
amalgamated,  provided  no  metallic  lead  or  copper  is  present ;  for 
these  also  combine  with  quicksilver,  and  may  deceive  the  opera- 
tor if  he  is  not  aware  of  their  presence.  The  operation  as  a  test 
or  an  assay  is  therefore  uncertain ;  it  is  also  slow,  expensive,  and 
difficult. 

All,  or  nearly  all,  tests  must  be  prepared  for  amalgamation 
if  we  wish  to  succeed ;  for  we  do  not  know  whether  substances 
are  present  which  are  injurious  to  the  mercury.  The  ore  or 
mineral  for  this  purpose,  is  finely  pounded  and  moistened  with 
about  ten  per  cent  of  a  solution  of  common  salt ;  then  dried  and 
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exposed  to  a  gentle  heat,  with  constant  stirring.  This  operation 
may  be  performed  in  an  iron  vessel.  The  sulphur,  arsenic,  and 
other  volatile  substances,  are  thus  partly  expelled ;  the  metals, 
such  as  copper  and  lead,  are  oxidized ;  the  silver  converted  into 
chloride  of  silver,  and  the  gold  into  the  metallic  state.  The 
roasted  ore  is  put  in  an  iron  mortar,  mixed  with  a  little  mercury, 
moistened  with  warm  water,  and  rubbed  by  an  iron  pestle.  It 
requires  some  hours'  diligent  labor  to  combine  the  precious  metal 
with  the  mercury,  after  which,  water  is  poured  over  the  ore,  and 
the  fine  debris  of  rock,  or  oxides  of  metals,  are  washed  away ;  this 
may  be  done  in  an  iron  pan,  such  as  was  described  in  the  assay 
of  gold.  The  operation  of  washing  must  be  performed  cau- 
tiously ;  for  the  amalgam  is  generally  in  the  form  of  invisible 
globules  and  easily  carried  away  by  water,  the  use  of  which 
when  warm  facilitates  the  coagulation  of  the  amalgam.  The 
amalgam  thus  received  may  be  pressed  through  a  piece  of  soft 
leather ;  but  as  the  mercury  always  contains  some  silver  or  gold, 
it  is  not  advisable  to  separate  any  from  it  by  filtration,  if  the  test 
has  been  made  with  a  view  to  determine  the  quantity  of  metal 
contained  in  the  ore.  The  better  plan  is  to  place  the  amalgam 
in  the  cupel  and  evaporate  most  of  the  mercury ;  but  before  all 
is  driven  off  by  the  heat,  add  a  certain  quantity  of  lead,  melted 
previously  in  the  ladle,  and  conduct  the  operation  as  any  other 
assay  by  cupellation. 

The  Globule  in  tfie  CupeL — ^After  a  successful  cupellation  the 
globule  is  bright,  of  a  rich  metallic  lustre,  and  more  or  less  yel- 
low, according  to  the  quantity  of  gold  it  contains.  It  is  perfectly 
round  on  the  upper  side  and  flattened  below,  adhering  to  the 
mass  of  the  cupel.  When  the  globule  contains  lead,  it  does  not 
adhere  to  the  cupel,  and  its  surface  is  dull  and  shows  signs 
of  oxidation.  The  grain,  after  a  successful  cupellation,  is  laid 
on  a  clean  steel  anvil  and  flattened  with  a  small  hammer,  to 
break  loose  any  cinder  which  may  adhere  to  its  lower  side ;  it  is 
then  thrown  into  a  dish  of  clear  water,  and  washed  with  a 
brush.  The  clean  metal  is  weighed  on  sensitive  scales,  which  in- 
dicate the  tenth  part  of  a  grain.  The  silver  obtained  from  the 
granulated  or  pure  lead,  which  has  been  cupelled  at  the  same 
time  with  the  test,  is  placed  in  the  scales  on  the  side  of  the 
weights ;  and  the  weight  thus  indicated  by  the  scales,  is  the  actual 
amount  of  metal  in  the  test 

Separation  of  Gold  and  Silver. — Most  of  the  results  of  an  assay 
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contain  both  gold  and  silver.  This  is  particularly  the  case  wiiii 
all  our  gold  ores,  and  also  the  silver  ores  found  in  the  gold  re- 
gion. The  separation  of  these  two  metals  in  the  dry  way,  we 
shall  describe  hereafter ;  it  is  not  adapted  to  secure  a  quantita- 
tive determination  on  small  tests.  In  all  assays  of  silver  ores,  it 
may  be  reasonably  supposed  that  the  amount  of  silver  present  is 
suJBOicient  for  the  solution  of  the  test  in  nitric  acid.  Four  parts  of 
silver  by  weight  to  one  part  of  gold,  are  required  to  make  the 
alloy  soluble  in  nitric  acid.  Flattening  the  grain,  or  drawing  it 
out  into  a  thin  lamina  on  a  steel  anvil,  facilitates  the  solution  of 
the  metal.  The  silver  only  is  thus  extracted  from  the  alloy,  pro- 
vided the  nitric  acid  is  pure  and  free  from  an  admixture  of  mu- 
riatic acid ;  the  gold  remains  at  the  bottom  of  the  vessel  in 
the  form  of  a  yellowish-brown  powder.  This  is  gathered  on  a 
clean  paper  filter,  wrapped  in  a  bit  of  sheet-lead  and  cupelled. 
The  grain  obtained  in  this  cupellation  is  pure  gold,  provided  the 
lead  does  not  contain  any  silver ;  in  that  case  we  must  cupel  an 
equal  quantity  of  lead  for  correction,  and  determine  the  assay  as 
described  above.  K  the  quantity  of  gold  is  so  very  small  that  a 
test  on  the  cupel  is  impracticable,  and  if  there  is  any  doubt  as  to 
its  purity,  we  pour  off  from  the  sediment  the  nitrate  of  silver,  and 
moisten  the  residue  with  a  drop  of  aquafortis,  in  which  the  gold 
dissolves  and  shows  its  presence  by  the  yellow  color  of  the  fluid; 
the  silver  remains.  Other  metals  than  gold,  such  as  oxide  of 
iron,  cause  a  similar  color  in  the  solution ;  but  we  may  detect  the 
gold  by  testing  with  protoxide  of  iron,  or,  which  is  better  still, 
with  sesquichloride  of  tin  in  case  the  quantity  is  very  minute. 
The  latter  test  is  difficult;  for  the  solution  must  be  greatly  di- 
luted, the  tin  solution  very  clear,  and  no  free  hydrochloric  acid 
present :  a  little  nitric  acid  does  no  harm,  but  it  is  not  necessary 
in  a  very  dilute  test.  The  gold  acid  solution  is,  therefore,  eva- 
porated to  dryness  by  applying  a  gentle  heat,  and  dissolved  in 
much  water;  the  solution  of  chloride  of  tin  is  much  diluted, 
and  both  are  placed  in  a  large  clean  test-tube ;  the  tin  is  then 
poured  on  the  gold  solution.  After  shaking  the  mixture  for  a 
while  and  then  suffering  it  to  rest,  a  bright  crimson  film  of  pur- 
ple of  cassius,  will  appear  on  the  surface  in  the  test-tube.  In 
confirmation  of  the  quantity  of  silver,  the  nitric  solution  of  silver 
may  be  precipitated  by  a  solution  of  chloride  of  sodium,  which 
must  be  very  dilute,  to  exclude  the  lead  from  precipitating  with  it  in 
case  any  is  present ;  then  filtrate,  and  cupel  the  chloride  by  means 


OENBRAL  METALLUROICAL  OPERATIONS.  226 

of  lead.  Or  if  more  coDveuient,  the  chloride  may  be  weighed; 
this  ia  however  uncertain  in  its  results,  because  the  chloride  re- 
tains a  little  water  which  cannot  be  expelled. 

If  gold  BO  far  predominates  that  the  alloy  is  insoluble  in  nitric 
acid,  aquafortis  ia  applied  to  the  teat ;  this  dissolves  all  the  gold 
when  there  is  not  too  much  silver  present  The  silver  remaias 
now  undissolved  in  the  form  of  chloride  of  silver,  which  may  be 
thoroughly  dried  and  weighed.  The  operation  must  be  performed 
quickly,  and  the  effect  of  light  on  the  chloride  excluded :  100 
parts  of  chloride  are  equal  to  753S  parts  of  metallic  silver.  If 
the  quantity  of  sUver  b  so  large  as  to  admit  of  cupelling,  the  latter 
operation  should  be  resorted  to  to  determine  finally  the  quantity. 
We  thus  find  either  the  quantity  of  gold,  or  that  of  silver,  and  in- 
fer the  quantity  of  the  other  metal  by  weighing  and  calculation. 

Lead. — A  quantitative  assay  on  lead  is  not  so  mmple  as  at 
fii^t  sight  it  appears  to  be ;  the  oxide  of  lead  is  a  strong  solvent 
or  silex,  and  where  that  acid  is  present  it  is  very  difficult  to  ob- 
tain all  the  metal  by  a  dry  assay.  The  metal  is  very  volatile : 
so  ia  also  its  aulphuret  and  chloride  and  some  other  compounds ; 
the  application  of  a  strong  heat  is  therefore  out  of  the  question. 
The  assay  is  always  performed  in  a  crucible  lined  strongly  with 
carbon,  or  in  a  metal  pot  aa  described  in  previous  pages.  In  all 
cases,  an  asaay  of  lead  ought  to  be  made  in  its  crude  ore. 
Roasting  of  lead  ore  is  always  tedious,  and  invariably  connected 
with  a  loss  in  metal,  which  may  be  from  6 
to  10  per  cent.  We  will  onee  more  allude 
to  the  operation  described  above.  The  pot, 
fig.  109,  may  be  either  of  copper  or  iron  be 
cause  neither  of  these  metals  combine  readily 
with  metallic  lead ;  if  sulphorets  or  chlondes 
are  to  be  subjected  to  the  assay,  copper  pots 
mnst  be  used ;  and  as  salt  ia  always  employed 
in  this  assay,  it  is  advisable  to  use  copper  ex- 
clusively. An  assay  is  thus  very  easily 
made  and  more  correctly  than  by  any  other 
me^od,  but  it  depends  in  some  measure  on 
the  flux  used,  and  the  heat  applied.  The 
flux  is  black  flux  simply,  in  cose  oxides  and 
salts  are  to  be  assayed ;  if  a  aulphuret  is  under  examination,  crude 
flux,  that  is,  crude  tartarand  crude  saltpetre,  is  used,  to  which  iron 
filings  are  added.    One  weight  of  ore  to  four  of  the  black  fluz  is 


286 


UTAXLUBOr. 


the  proportion ;  or  if  galena  is  to  be  assayed,  one  part  of  BHl^iebv, 
two  parts  of  crude  tartar — argol— and  one  part  of  galena,  are 
mixed  and  finely  pounded ;  to  tliia,  fine  iron  filings,  aboat  }  of  tlie 
weiglit  of  ore,  may  be  added.  The  mixture  ia  placed  in  the  pot,  and 
covered  by  a  layer  of  salt,  for  the  oxides  i  of  an  inch  thick;  and 
for  galena  j  of  an  inch.  An  air-iiimace  is  not  used  for  smelting, 
for  the  draft  of  it  is  too  strong,  and  the  heat  too  great ;  the  smelt- 
ing is  done  by  diarooa]  exclusively.  A  fiunace  ibr  this  operation  i» 
represented  in  fig.  110 ;  the  pot  having  a  metallic  foot  is  set  npon 
the  grate  bars  directly  without  a  sole- 
piece  of  Inick ;  the  cover  is  put  on,  and 
coal  filled  around  and  over  the  top  of  it ; 
the  ash-pit  is  now  closed  to  prevent  all  ac- 
oeas  of  the  air.  The  fire  is  applied  to  lite 
top  of  the  coal,  through  a  amall  door  in 
the  sheet-iron  pipe  which  covers  the  brick 
fdmace.  The  latter  is  about  ten  inohes 
square  or  round,  and  of  the  same  height. 
The  fire  sinlca  thus  riowly  down  in  a  half 
hour  to  the  grate  bars.  By  this  time  tbe 
fluxes  are  perfectly  dry  in  the  pot^  all 
crackling  noise  ceases,  and  a  stronger  fire 
is  applied  by  opening  the  ash-pit  and  shut- 
ting the  door.  The  fumaoe  is  kept  full  of 
coal,  which  is  of  the  size  of  a  hen's  egg. 
A  heat  of  fifteen  or  twenty  minutes'  dura- 
tion will  finish  the  assay,  the  door  is  then 
opened,  the  cover  of  the  pot  rranoved  by 
a  pair  of  tongs,  and  if  the  teat  ia  fluid  and 
stUI  boiling,  the  pot  is  shut  again,  and  a  little  charcoal  is  added 
if  tbe  fire  is  low  down.  A  few  minutes  will  finish  the  asaay,  that 
is,  tbe  fiux  appears  now  to  be  quiet,  is  perfectly  fluid,  like  water> 
and  may  be  removed  irom  the  fire.  The  contents  of  the  pot  are 
cast  into  a  hot  metal  mould,  in  which  all  the  lead  will  be  found 
at  the  bottom,  a  black  cinder  above  it,  and  tbe  salt  floating  as 
clear  cryetallizcd  glass  on  the  top  of  both.  When  the  operation 
has  been  well  performed  there  is  hardly  five  per  cent  loss  in  metal, 
not  often  more  than  ten  per  cent.  ■ 

In  this  case  it  is  immaterial  whether  we  assay  slags  from  the 
smelting  iiimaces,  glass,  or  minerals ;  the  treatment  is  the  same, 
with  tiie' exceptions  that  prepared  bhickflux  instead  of  crude 
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k^ol,  and  no  iron  filings,  are  used.  Litharge  from  the  refining 
fiimaces  is  treated  in  the  »ame  manner.  It  is  not  advisable  to  put 
moie  than  one  pot  at  once  into  the  fire,  becanse  as  soon  as  a  test 
is  periectlj  melted  it  should  be  removed,  notwithstanding  others 
in  the  same  fire  may  not  be  ready ;  this  of  course  causes  so  much 
disarrangement  that  either  one  of  the  assays  must  be  doubtfiiL 

We  may  remark  that  the  success  of  this  assay  depends  entirely 
on  the  flux  used.  Any  borax,  lime,  or  other  matter,  has  a  deteri* 
orating  effect;  if  the  above-mentioned  fiux  of  tartar  is  not  suffi- 
cient^ the  addition  of  some  carbonate  of  soda  will  improve  its 
finidity ;  yet  if  too  much  of  the  latter  is  used,  other  metals  such  as 
zinc  and  antimony  may  be  precipitated  with  the  lead.  Salt  is  a 
necessary  fiux  in  this  assay,  as  it  causes  the  lead  to  form  metal ;  the 
chlorine  acts  on  other  metals,  such  as  copper  and  iron,  oxidizing 
them  and  facilitating  the  formation  of  lead,  silver  and  gold. 

A»say  in  OntciUts. — This  mode  of  assaying  lead  is  never  so 
correct  as  the  above,  because  the  evaporation  of  the  metal  and  ilB 
combination  with  sUex  and  the  fiuxes  cannot  be  prevented.  This 
assay  is  always  performed  in  a  crucible  lined  strongly  with  coal, 
so  that  the  lead  may  not  pass  through  the  lining  and  combine 
with  the  silicioua  matter  of  the  pot  Oxides  of  lead,  such  as 
tithai^,  minium,  antimoniatea,  phosphates,  and  slags  or  glass, 
are  pounded  finely  and  mixed  with  an  equal  weight  of  black 
fiux ;  th^  are  then  placed  in  a  crucible,  covered  by  a  thin  layer 
c£  salt,  as  shown  in  fig.  Ill,  and  exposed,  first  to  a  gentle  heat  for 
half  an  hour  in  an  air-furnace,  and  after- 
wards for  about  twenty  minutes  to  a  strong 
beat.  By  this  time  the  mass  is  jwrfectly 
fioid;  it  may  be  perceived  by  removing  the 
oover.  If  the  assay  is  still  boiling,  the  pot 
is  oorered  again,  and  the  heat  continued 
ontil  perfect  quietness  and  fiuidity  is  ob- 
tained. Should  it  happen  that  the  slags 
are  not  found  to  be  perfectly  fiuid,  another 
smelting  must  be  made  with  the  addition 
of  carbonate  of  soda  equal  to  half  the^ 
wmght  of  ore. 

The  application  of  heat  must  be  limited  to  the  shortest  time 
possible,  to  prevent  the  evaporation  of  lead.  When  the  assay  is 
perfectly  melted,  the  crucible  is  removed  from  the  fire  and  put  on 
a  dry  or  warm  briok,  and  aettied  by  a  lew  downward  smart 
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strokes  upon  the  floor.    After  the  pot  is  cold,  it  is  broken,  and 
the  button  of  lead,  which  must  be  perfectly  smooth  and  of  a  blu- 
ish color,  is  removed  and  weighed.    In  this  assay  1,000  grains  of 
ore  may  be  used,  but  the  crucible  should  never  be  more  than 
half  filled,  because  the  mixture  is  liable  to  boil.    The  proportion 
of  flux  to  the  ore  is  of  some  consequence,  on  account  of  the  car- 
bon contained  in  the  black  flux.    K  the  test  is  chiefly  oxide  of 
lead,  such  as  litharge  or  minium,  it  is  necessary  that  at  least  two 
parts  of  black  flux  to  one  of  >  ore  should  be  used.    In  this  assay 
crude  argol  is  inadmissible,  because  it  endangers  the  pot  by  its 
combustion ;  for  these  reasons  we  do  not  know  how  much  carbon 
may  be  in  the  flux.    Two  parts  of  any  black  flux  should  be  suffi- 
cient for  pure  litharge  and  all  other  kinds  of  ore.    K  the  slag  is 
not  fluid,  which  hardly  happens  by  the  use  of  salt,  some  carbon- 
ate of  soda  is  added,  which  never  should  be  more  than  equal 
to  the  ore.    K  the  ore  is  very  highly  oxidized,  such  as  hydrates, 
and  mixed  with  chromium  or  iron,  manganese,  and  similar  me- 
tallic oxides,  which  require  carbon  for  their  partial  reduction  to 
protoxides  in  order  to  form  slags ;  two  parts  of  black  flux  are 
not  sufficient  for  the  assay,  and  it  may  be  found  necessary  to  in- 
crease it  to  four.    In  this  instance  it  is  decidedly  better  to  apply 
a  flux  of  equal  parts  of  carbonate  of  potash  and  carbonate  of  soda, 
and  also  some  borax,  and  take  twice  the  weight  of  the  ore  in  flux. 
To  this  flux  sufficient  finely-powdered  charcoal  is  added  to  produce 
twice  the  quantity  of  lead  which  may  be  in  the  ore ;  one  grain  of 
soft  charcoal  reduces  thirty  grains  of  oxide  of  lead.  The  ore  and  all 
other  substances  are  finely  powdered  and  mixed  with  water  to  a 
stiff  paste ;  this  is  strongly  dried,  once  more  rubbed  to  a  coarse 
powder,  and  filled  in  the  crucible.     This  assay  may  safely  be 
made  in  a  clay  or  Hessian  crucible ;  and  if  the  quantity  of  car- 
bon can  be  estimated  with  reasonable  correctness,  the  clay  pot  is 
preferable  to  one  lined  with  carbon,  because  it  requires  less  time 
for  smelting.    But  if  the  quantity  of  carbon  is  not  exact,  if  there 
is  too  much  or  too  little  mixed  with  the  ore,  the  assay  is  always 
more  incorrect  in  the  clay  than  in  the  coal  crucible.    The  slags 
near  the  clay  of  the  crucible  are  always  pasty,  and  retain  more  or 
less  lead  in  small  globules  which  cannot  be  recovered.    This  is 
not  the  case  in  the  coal-lined-pot,  and  if  grains  of  metal  ad- 
here to  the  slags,  or  to  the  coal,  these  may  be  recovered ;  for  the 
first  are  soluble  in  water,  and  from  the  latter  we  obtain  the  met- 
al by  washing.    In  all  cases,  the  first  heat  on  the  pot  should  be 


QENEBAL  KETALLUBGICAL  OPERATIONS.  229 

slow  and  from  above,  so  as  to  make  the  boiling,  which  is  modified 
by  a  layer  of  salt,  as  short  as  possible.  Salt  always  absorbs  a 
little  lead,  also  iron  and  other  metals ;  but  the  quantity  of  lead 
thus  lost  is  only  a  small  portion  of  that  which  is  lost  in  the  cin- 
der when  no  salt  is  used.  When  salt  is  used,  the  sides  of  the 
crucible  are  found  to  be  nearly  free  from  globules  of  lead,  which 
is  never  the  case  when  only  an  alkali  and  borax  are  used. 

The  lead  obtained  in  these  assays  is  never  pure ;  it  contains 
always  more  or  less  of  other  metals.  When  black  flux  is  used  it 
reduces  a  certain  quantity  of  potash  and  combines  with  po- 
tassium ;  this  amounts  in  some  instances  to  two  per  cent.  Cop- 
per, tin,  silver,  and  antimony,  are  found  in  the  lead  if  the  ore  con- 
tains the  oxides  of  these  metals.  All  other  metals  combine  in 
small  portions  with  the  lead  and  may  be  neglected.  Zinc  com- 
bines with  lead,  but  it  may  be  evaporated  entirely  from  it;  in 
this  operation,  from  j\  to  ^j  of  lead,  which  evaporates  with  the 
zinc,  is  lost  The  impure  lead  may  be  freed  from  some  of  its 
impurities  by  melting  it  with  some  saltpetre  and  carbonate  of 
soda  in  a  clay  dish  in  the  mu£9e;  this  operation  is  to  be  con- 
ducted at  a  very  low  heat,  and  not  extended  too  far,  for  much 
lead  may  be  lost  with  the  other  metals.  Such  refining  is  never 
productive  of  a  correct  assay ;  the  slags  formed  contain  a  little 
lead,  and  that  also  a  little  of  the  foreign  metals.  Silver  and  cop- 
per remain  entirely  in  the  lead. 

OaUnOj  seleniurets,  and  arseniurets  of  lead,  are  smelted  with 
a  flux  composed  of  equal  parts  of  carbonate  of  potash  and  car- 
bonate of  soda,  of  which  mixture  four  parts  are  used.  To  this 
mixture,  fine  iron  filings  are  added  equal  to  about  |  of  the  weight 
of  ore.  The  assay  may  be  performed  in  a  flat  dish  in  the  muffle, 
or  in  a  Hessian  pot  The  test  is  melted  at  a  cherry-red  heat,  in 
which  it  is  perfectity  fluid.  The  iron  added,  ought  to  be  very 
fine  or  it  is  liable  to  mix  with  the  lead.  In  this  test,  ten  per 
cent,  and  if  the  heat  has  been  strong,  fifteen  per  cent  of  lead 
is  lost,  while  in  the  assay  in  the  copper  pot,  not  often  more 
than  five  per  cent,  of  metal  is  dissipated  or  remains  in  the  slags. 
In  all  these  instances  it  is  advisable  to  rub  the  ingredients  and 
ore  fine,  and  moisten  the  compoimd  with  water,  drying  it  per- 
fectly before  it  is  put  into  a  crucible  for  smelting.  The  fluxes 
being  soluble  in  water,  penetrate  the  crevices  of  the  ore,  and  cover 
the  particles ;  and  as  the  flux  is  more  permanent  in  heat  than 
most  of  the  lead  compoimds,  it  prevents  the  latter  from  evapo- 
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ration.  More  correct  assays  are  obtained  by  this  mode  than  by 
the  former.  This  assay  is  always  more  satis&otory  when  per^ 
formed  in  an  open  vessel  under  the  influence  of  atmospheric  air, 
than  in  a  closed  vessel ;  and  in  that  case,  little  or  no  iron  is  re- 
quired to  make  it  succeed  welL  Galena  may  be  assayed  by 
melting  it  with  pure  iron,  but  the  assay  is  always  imperfect ;  the 
heat  required  is  so  high  that  in  most  instances  ftom  thirteen  to 
twenty  per  cent,  is  lost  by  evaporation.  From  ten  to  twelve  per 
cent  of  finely  divided  iron  is  needed  to  perform  the  operation; 
if  more  iron  is  used  not  exceeding  fifteen  or  sixteen  per  cent,  the 
loss  of  lead  is  diminished. 

Lead  and  Antirrwrn^ — A  mineral  of  this  composition  may  be 
assayed  by  smelting  it  simply  with  4  parts  of  carbonate  of  soda; 
all  the  lead  is  thus  obtained,  and  the  antimony  remains  in  the 
stag.  If  silver  is  in  the  ore,  and  it  is  desirable  to  have  it  in  the 
lead,  this  operation  will  not  effect  it.  In  that  instance  we  mix 
one  part  of  saltpetre  with  two  parts  of  soda,  and  take  four  parts 
of  this  mixture  to  the  amount  of  ore,  smelting  it  in  a  Hessian  or 
iron  pot.  This  assay  fiimishes  all  the  lead,  aU  the  silver,  and 
tlie  antimony  remains  in  the  slags. 

The  moist  analysis  may  be  used  to  confirm  the  dry  assay. 
If  the  latter  has  been  well  performed  by  applying  a  low  heat  and 
fusible  flux,  the  loss  in  metal  may  amount,  in  an  average,  to  ten 
per  cent,  and  in  so  far  no  test  in  confirmation  is  required.  Jn 
the  large  operation  we  never  obtain  more  than  86  per  cent  of  the 
actual  amount  of  metal  in  the  ore,  so  that  no  great  difference  in 
the  yield  of  the  assay  and  that  of  the  smelting  furnace  is  percep* 
tible. 

Copper, — Assays  are  always  made  with  particular  reference  to 
the  operation  on  the  large  scale ;  this  is  the  case  with  copper 
more  than  with  any  other  metal,  because  the  value  of  the  metal 
is  such  as  to  require  its  extraction  from  the  ore  in  the  purest  fomu 
Copper  alloys  readily  with  other  metals,  and  it  is  the  object  of 
the  assayer  both  to  reduce  it  and  to  free  the  metal  firom  its  im- 
purities in  order  to  determine  the  exact  value  of  the  ore.  The 
modes  of  assaying  are  different  in  almost  every  establishment, 
and  we  shall  confine  our  remarks  to  those  which  famish  the  most 
correct  results,  by  applying  the  smallest  means.  In  all  cases  the 
first  thing  done  is  to  make  such  a  sample  for  an  assay  as  will  repre- 
sent the  average  value  of  the  whole  mass  of  ore ;  with  this  view 
fragments  must  be  taken  fix>m  different  spots,  and  mixed  and 


QSNSBAL  MSTALLUBGICAL  OPERATIONS.  231 

ground  together.  A  part  of  this  mixture  is  tried,  bj  means  of 
the  blowpipe,  for  sulphur,  arsenic  and  volatile  metala  If  arsenic 
or  any  volatile  substance  is  present  the  ore  must  be  roasted,  and 
in  order  to  &cilitate  that  operation,  a  quantity  of  it,  say  1000 
grains,  is  exposed  to  calcination.  This  quantity  is  mixed  with 
sawdust  and  a  little  oil,  dried,  and  exposed  in  a  closed  Hessian 
crucible  to  a  red  heat^  which  will  remove  a  large  portion  of  arse- 
nic and  sulphur,  and  other  volatile  matter.  The  mass,  which  is 
not  melted,  is,  when  cooled,  triturated,  and  exposed  in  a  shallow 
earthen  dish,  in  the  muffle,  to  roasting ;  the  sulphur  is  by  this 
means,  and  by  constant  stirring  with  an  iron  rod,  almost  entirely 
expelled.  If  signs  of  melting  are  shown  in  the  roasting  opera- 
tion, the  ore  is  again  powdered  and  mixed  with  a  little  sawdust, 
and  roasted ;  this  last  roasting  will  drive  off  almost  all  the  arsenic 
in  case  any  is  present.  The  mineral  is  exposed  to  the  heat  untQ 
all  the  charcoal  is  burned  away.  What  remains  of  the  ore  is 
once  moie  ground  and  mixed  with  its  own  weight  of  calcmed 
borax,  one  twelfth  of  its  weight  of  fine  charcoal,  and  formed 
into  a  pasty  mass  by  the  addition  of  a  little  oil.  It  is  then  dried, 
broken,  and  put  into  a  black-lead  crucible  for  smelting.  The 
crucible  is  covered  by  a  slab,  and  subjected  to  the  strongest  heat 
of  the  air-furnace,  which  here,  as  in  all  other  cases,  is  applied 
slowly  and  increased  gradually.  A  heat  of  an  hour's  duration 
is  required  for  an  assay ;  and  during  the  last  20  minutes  it  should 
be  intense.  The  crucible  is  then  removed  firom  the  ftimace  and 
settled  by  striking  it  smartly  on  the  floor.  When  perfectly  cold 
the  pol^  is  brokep,  and  the  copper  is  found  in  its  bottom  in  the 
form  of  a  button.  The  color  and  malleability  of  the  button  indi- 
cate its  purity,  and  i^  that  is  not  found  to  be  satisfactory,  the 
button  must  be  refined  in  a  manner  which  will  be  described 
hereafter.  This  assay  is  not  often  found  to  be  correct ;  the  yield 
is  either  too  low  or  too  high,  and  for  practical  or  quantitative 
assays  insufficient.  The  following  mode  of  operation  furnishes 
more  reliable  results. 

All  copper  ores  which  are  not  oxidized  must  be  roasted,  but 
those  which  are  already  ftee  fix>m  volatile  matter  would  lose  by 
that  operation,  and  are  used  in  their  raw  condition.  The  ore  to 
be  roasted  is  finely  powdered  and  placed  on  a  flat  dish,  which  is 
rubbed  over  with  reddle,  in  the  heat  of  the  muffle.  Two  hun- 
dred and  fifty  grains  are  generally  sufficient  for  an  assay,  and 
two  assays  ought  to  be  made  of  every  ore  under  examination. 
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If  the  copper  is  mixed  with  cijstallized  minerals,  such  as  car- 
bonate of  iron,  of  lime,  and  similar  substances,  the  heat  must  be 
applied  gradually,  because  these  crystals  explode  when  suddenly 
exposed  to  heat,  and  throw  out  the  ore  from  the  dishes.  Gradu- 
ally the  dishes  are  moved  further  into  the  mufQe,  to  expose  the 
ore  to  a  stronger  heat  All  this  time  the  dish  which  contains  the 
ore  has  been  covered  with  another,  which  prevents  loss  from  ex- 
plosion. When  the  dishes  are  red  hot,  the  cover  is  removed  and 
the  ore  stirred  with  a  hook  of  strong,  clean  iron  wire ;  care  should 
be  taken  not  to  bring  any  ore,  by  adhesion  to  the  wire,  from  one 
dish  into  the  other.  The  more  diligently  the  ore  is  stirred,  the 
sooner  the  operation  of  roasting  is  performed.  At  first  the  heat 
is  great  in  the  dishes,  because  sulphur  and  arsenic  bum  vividly ; 
it  is  therefore  advisable  not  to  push  the  dishes  too  far  into  the 
mufQe.  By  degrees  the  mass  assumes  a  darker  color,  and  the 
dishes  may  now  be  exposed  to  a  higher  heat  When  the  ore  ap- 
pears to  be  brown-red  in  the  highest  heat  of  the  muffle,  the 
dishes  are  removed,  and  cooled  at  the  mouth  of  the  inuffle ;  this 
changing  of  heat  accelerates  the  process  of  roasting  considerably. 
Each  time  the  dish  is  pushed  into  the  muffle  again,  it  is  ad- 
vanced farther  in  to  expose  it  to  an  increased  heat  When  all 
sulphureous  smell  has  disappeared,  and  not  sooner,  the  dishes 
are  removed  from  the  cupel  and  cooled.  A  little  tallow  is  now 
laid  in  each,  about  the  size  of  a  cherry,  and  the  test  placed  in  the 
muffle  again.  In  burning  this  tallow  off,  the  remaining  sulphur 
and  arsenic  are  removed,  and  a  white  heat  will  finish  the  roasting 
operation.  According  to  the  quantity  of  sulphur,  and  the  quality 
of  metals  in  the  ore,  must  be  the  length  of  time  required  for 
roasting.  For  common  copper  pjrites  one  and  a  half  to  two 
hours  are  needed. 

If  the  powdered  mineral  under  examination  is  the  result  of 
smelting,  such  as  matt  or  slag,  the  dishes  containing  it  should  not 
be  covered,  because  in  this  state  it  always  contains  metals  which 
melt  readily ;  and  when  again  melted  they  make  a  second  pul- 
verization necessary,  which  is  equal  to  doing  the  whole  work 
over  twice.  The  operation  is  in  all  respects  similar  to  that  de- 
scribed, with  the  exception  of  a  diflerent  degree  of  heat. 

To  the  remaining  part  of  the  roasting  operation  on  250  grains 
of  ore,  two  ounces  of  crude  flux— consisting  of  one  part  saltpetre, 
and  two  of  crude  argol — are  added.  If  this  quantity  of  ore  and  flux 
is  considered  too  large,  it  may  be  divided  into  two  parts  and  each 
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one  forms  as  aasaj ;  we  aasume  this  diTision  to  have  been  made  id 
the  following  process.  The  test  is  placed  in  a  clay  or  copper 
pot,  as  described  above,  aod  shown  in  fig.  p^  ,,2^ 

112.  The  miztnre  of  ore  and  flux  is  cover- 
ed bj  a  layer  of  dry  fine  salt,  about  three- 
quarters  of  an  inch  high.  This  test  is  treated 
exactly  aa  the  test  on  lead,  in  the  same  fur- 
nace, with  the  exception  that  a  little  more 
heat  is  applied  at  the  close  of  the  operation. 
When  the  test  is  melted  it  is  poured  into  a 
clean,  previously  heated  metal  mould,  then 
cooled,  and  the  crude  copper  liberated  from 
the  adhering  cinder.  About  20  minutes 
are  sufficient  to  melt  this  test  The  crude 
oopper  thus  obtained  is  brittle,  and  black ; 
it  is  a  mixture  of  other  metals  and  carbon,  but  it  contains  in  most 
cases  from  70  to  60  parts  of  pure  metal.  This  copper  must  be 
refined,  which  is  done  in  the  following  manner. 

Refining, — In  order  to  obtain  pure  metal,  a  common  cupel 
which  is  not  too  deep,  is  heated  in  the  mofSe  to  a  white  heal 
The  button  of  crude  copper  previously  pulverized,  in  case  it  oon- 
tains  lead,  is  now  placed  in  a  piece  of  paper  upon  the  hot  cupel ; 
and  in  case  it  contains  no  lead  it  is  enveloped  in  a  bit  of  shee^ 
lead  of  equal  weight  to  the  copper — and  when  the  latter  begins 
to  melt,  about  half  as  much  more  lead  is  added.  This  test  soon 
melts,  and  must  be  closely  watched ;  the  heat  must  not  be  ao 
Arong  Qor  the  cupel  so  deep  as  in  cupelling  silver,  that  a  good 
opportunity  of  observing  the  test  may  be  had.  The  lead  will 
always  carry  some  copper  with  it  into  the  mass  of  the  cupel, 
whi<^  must  be  limited  to  the  smallest  amount  by  close  watching. 
When  the  globule  begins  to  look  white,  or  greenish-white,  the 
test  is  quickly  withdrawn  from  the  mufBe,  and  a  drop  of  water 
put  on  the  globule  to  prevent  all  further  losses.  The  oopper  will 
be  found  soft  and  highly  refined.  Some  oopper  is  here  absorbed 
by  the  cupel,  but  not  much  when  the  operation  is  performed  quick- 
ly and  at  a  low  heat.  If  we  are  desirous  of  ascertaining  that 
loss,  a  test  in  confirmatiou  may  be  made  by  the  side  of  the  real 
teat  For  this  purpose  a  quantity  of  fine  coppw,  equal  in  weight 
to  the  crude  copper,  is  flattened  and  broken  into  fine  spangles,  and 
enveloped  in  lead  equal  in  weight  to  that  used  for  the  real  test, 
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and  in  fiict  the  whole  operation  on  this  fine  copper  is  perfbntted 
just  as  on  the  crude  copper.  The  loss  of  the  refined  copper  by 
cupellation  is  added  to  the  refined  copper  of  the  test,  as  the  ap- 
proximate loss  of  the  refining  process.  In  this  operation  it  is 
advisable  to  work  with  as  little  lead  as  possible ;  a  good  per- 
former will  work  perfectly  and  easily  with  half  the  weight  of 
lead  to  the  copper,  and  in  many  cases  with  even  less  than  that 
Much  lead  causes  considerable  loss  of  copper.  When  an  assay 
is  performed  well  on  pure  ore,  the  crude  copper  contains  80  parts 
of  fine  copper  in  100  parts ;  and  in  cupellation,  from  10  to  12 
parts  of  fine  copper  are  lost — so  that  the  actual  weight  of  the  re- 
fined copper  is  a  good  standard  for  the  estimation  of  the  value  of 
the  ore,  because  it  fixes  this  always  ten  per  cent,  lower  than  the 
actual  yield  in  the  smelt-works.  This  operation  requires  skill 
and  experience  on  the  part  of  the  operator  to  perform  it  well ; 
firequently  no  pure  copper  remains  on  the  cupel,  all  is  absorbed 
by  the  ashes  of  the  vesseL  This  is  particularly  the  case  with 
crude  copper,  which  contains  more  than  its  own  weight  of  lead. 
A  cupel  of  fine  ashes,  and  a  strong  heat,  are  the  best  means  of 
securing  success. 

The  foregoing  operation  appears  to  be  simple  in  its  nature, 
and  in  fact  is  so ;  the  result  of  the  first  smelting  operation  is  quite 
correct,  that  is,  all  the  copper  contained  in  the  ore  is  in  the  crude 
copper,  with  a  variety  of  other  metals.  All  the  lead,  silver,  and 
gold  is  in  the  button ;  and  when  no  lead  is  present,  about  15  per 
cent  of  iron  is  in  the  crude  copper.  It  is  therefore  impossible 
to  obtain  correct  estimates  by  this  method  of  smelting  ore.  When 
any  doubt  exists  as  to  the  results  of  the  cupellation,  it  is  advisa- 
ble to  make  an  analysis  in  the  moist  way  on  the  crude  copper  to 
satisfy  our  ndnd.  The  quantity  to  be  o^erat^d  on  is  ver^'^naU 
in  most  cases,  particularly  with  poor  ores ;  and  we  may  either 
dissolve  the  whole  of  the  crude  copper,  or  a  part  of  it.  The 
analysis  is  tedious;  and  if  many  assays  are  to  be  made,  as  in 
smelt-wOTks  for  the  valuation  of  copper  ores,  it  is  advisable  to 
experiment  by  cupellation  until  success  is  obtained.  For  analy- 
sis, the  crude  copper  is  pulverized,  and  moistened  in  a  porcelain 
dish  with  nitric  acid.  On  applying  a  gentle  heat,  the  metals  are 
dissolved  in  this  menstruum,  which  is  evaporated  nearly  to  diy- 
ness  and  diluted  with  water ;  only  carbon,  gold,  tin,  arsenic,  an- 
timony, and  sulphur  remain.  The  clear  liquid  is  separated  by 
filtration  from  the  residue,  and  the  contents  of  the  latter  may  be 


GENERAL  KETALLUBOICAL  OPEBATIOKS.  286 

ezamined.  Bj  pouring  an  exoess  of  BolpliYirio  add  into  the 
fiqiiid  all  the  lead  is  predpitated  as  sulphate  of  lead,  which  is 
separated  by  filtration^  This  precipitate  may.  be  dried  and 
weighed,  if  it  is  of  any  value,  to  know  the  quantity  of  lead.  The 
copper  is  now  predpitated  by  sulphureted  hydrogen  firam  the 
liquid,  which  must  be  done  hy  applying  an  exoess  of  the  pred^ 
pitant,  and  operating  quickly,  because  this  newly-formed  solphu- 
ret  soon  oxidizes  and  becomes  a  sulphate,  and  is  in  that  condition 
redissolved.  The  washing  of  the  sulphuret  is  per&rmed  with 
warm  water.  The  result  thus  obtained  is  roasted  and  weighed 
as  an  oxide  of  copper.  This  operation  is  uncertain  in  its  resuha, 
if  performed  only  with  usual  care  and  skill.  It  requires  great 
skill  to  perform  this  analysis  well,  for  which  reason  it  is  not  a 
common. process  in  practice  If  the  ore  is  merely  a  compound 
of  iron  and  copper,  the  analysis  is  more  simple ;  and  the  cupella- 
tion  is  still  more  so,  and  equally  correct  In  this  case  the  copper- 
test  is  melted  with  a  little  saltpetre  and  argol,  on  a  day  dish  in 
the  muffle,  and  the  result  is  fine  copper. 

English  Process  of  Assaying. — ^In  Swansea,  Wales,  where  ex- 
tensive copper  smelt-works  make  many  assays  necessary,  this 
operation  is  performed  in  a  mumer  wldoh  is  rather  expensive ; 
but  as  the  assay  is  made  on  a  large  quantity  of  ore,  it  cannot  fidl 
to  detect  nearly  its  true  contents.  One  ounce,  avoirdupois,  of 
ore  is  selected  firom  an  average  mixture  which  has  been  previ- 
ously pounded  fine  and  sifted.  The  ore  is  put  in  a  flat  dish,  or 
a  large  crucible,  which  is  placed  indined  on  a  coke  or  anthradte 
fire,  and  slowly  heated  and  stirred  to  expel  most  of  the  sulphur, 
arsenic,  and  other  volatile  metals.  It  is  not  the  object  to  expel 
all  the  volatile  matter,  but  merely  to  remove  most  of  these  admix« 
turee;  this  operation  will  require  from  1  to  2  hours. 

Orvde  Chpper.-r^'Wh.en  the  ore  is  cooled  after  roasting,  it  is 
mixed  with  an  equal  weight,  or  16  dwts.  of  flux.  The  flux  is  a 
compound  of  1  oz.  8  dwts.  of  nitre,  8  dwts.  of  common  glass,  2 
dwts.  of  borax-glass,  2  ozs.  of  fluor-spar,  1  oz.  12  dwts.  of  red,  or 
crude  argol.  These  ingredients  are  findy  powdered  and  well 
mixed,  and  preserved  in  a  bottle  with  a  glass  stopper.  This 
quantity  of  flux,  or  a  little  more — ^because  some  ores  do  not  mdt 
and  become  fluid  with  16  dwts.,  and  may  require  20  dwts. — ^is 
mixed  with  ore  intimately,  and  then  exposed  to  a  strong  heat  in 
a  black-lead  crudble.  On  applying  the  heat  gradually,  one 
hour's  time  is  required  for  the  operation  in  a  good  air  fiimace. 
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The  contents  of  the  crucible  are  poured  into  a  hot  and  greased 
metallic  mould,  then  cooled,  and  the  slags  knocked  off  from  the 
button  of  metal  The  button  should  be  of  a  fednt  copper  color, 
or,  which  is  better  still,  shaded  with  blue.  If  the  button  is  very 
rough,  too  little  flux  has  been  used ;  and  if  it  is  very  smooth,  too 
much  was  in  the  pot ;  neither  of  these  will  furnish  a  correct  as- 
say, for  in  both  cases  copper  remains  in  the  slags.  A  white  color 
and  smooth  sur&ce  on  the  button  is  never  good ;  the  slags  are  in 
this  case  full  of  oxide  of  copper  and  of  a  stony  appearance.  This 
latter  appearance  is  generally  produced  by  an  excess  of  flux  or 
deficiency  of  carbon.  A  slag  of  this  kind,  when  powdered  and 
remelted  with  a  little  crude  tartar,  will  produce  a  grain  of  metal, 
which  is  added  to  the  first  button ;  if  no  copper  is  found  in  this 
latter  assay,  the  first  has  been  correct.  If  the  first  smelting  is  so 
&r  incorrect  that  the  slags  look  red,  or  brownish  red,  it  is  better 
to  make  a  firesh  assay,  for  not  all  the  copper  can  be  recovered 
firom  these  slags.  In  this  operation  a  new  crucible  is  used  for  the 
successive  roasting  and  smelting,  for  some  of  the  ore  may  remain 
in  the  pot  after  roasting,  which  is  recovered  in  smelting.  The 
flux,  in  this  assay,  absorbs  all  other  metals,  and  precipitates 
chiefly  copper,  silver,  gold,  lead,  and  a  little  iron ;  the  latter  metals 
must  be  removed  by  refining  the  crude  button  of  copper. 

By  this  assay  we  obtain  a  variety  of  metals  in  appearance ; 
and  according  to  that  appearance,  the  button  is  thrown  away  as 
useless,  or  refined,  a)  K  the  button  is  very  coarse  and  brittle, 
like  glass,  and  is  black  and  crystallized,  it  is  rejected,  for  it  never 
will  yield  the  true  contents  of  the  ore.  A  fresh  assay  must  be 
made,  b)  When  the  button  looks  still  finer,  and  shows  some 
tenacity,  but  is  brittle,  it  may  be  smelted  again  with  a  flux,  simi- 
lar to  that  which  is  used  on  ores  to  produce  fine  copper  in  the  first 
operation,  of  which  we  shall  speak  presently,  c)  If  the  button 
when  broken  presents  a  brown  copper  color,  and  is  somewhat 
tenacious,  but  still  brittle,  it  may  be  considered  the  result  of  a 
good  assay.  It  furnishes  in  refiising  about  half  ite  weight  in  fine 
copper.  This  button  is  remelted  in  a  black  pot,  covered  by  a 
mixture  of  three  parts  of  white  cream  of  tartar  and  one  part  of 
common  salt ;  and  a  simple  fusion  furnishes  pure  copper  firom  it 
d)  If  the  button  is  of  a  copper  appearance,  but  bluish  on  the  out- 
side, it  may  be  considered  as  a  good  ore.  This  remelted  with 
the  addition  of  argol  and  salt,  and  a  little  carbon,  furnishes  gen- 
erally two-thirds  of  its  weight  of  fine  copper,    e)  A  button  which 
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is  white  in  the  fracture,  or  grayish-white,  is  never  good ;  it  is  best 
to  throw  it  away,  because  it  does  not  frimish  a  good  assay. 

The  second  smelting  generally  furnishes  crude  copper,  that  is, 
copper  hardly  pure.  In  this  operation  loss  may  occur  in  casting 
the  contents  of  the  pot  into  a  mould ;  it  is  therefore  generally 
cooled  in  the  crucible,  which  is  afterwards  broken  to  obtain  the 
button.  By  trying  the  button  on  the  anvil  with  a  hammer  we 
soon  find  if  it  is  fine  copper,  or  if  another  refining  is  necessary. 
In  all  cases,  the  copper  must  be  perfectly  covered  by  slags,  or  loss 
will  ensue  from  the  oxidation  of  metal. 

o  make  this  assay  succeed  well,  the  ores  under  examination 
should  contain  some  pjrrites ;  if  none  can  be  had,  eight  or  ten 
grains  of  sulphur  should  be  added,  and  heated  with  the  ore  pre- 
vious to  smelting ;  because,  if  no  sulphur  is  present,  the  slags  are 
stiff,  and  a  loss  of  metal  is  the  consequence.  K  the  ore  is  an  ox- 
ide, or  carbonate  of  copper,  and  copper  pjrrites  can  be  obtained, 
one  pennyweight  of  the  latter  to  one  ounce  of  the  first  is  sufficient 
to  make  the  slags  fluid. 

OnidA  Copper  may  be  obtained  on  first  melting,  by  roasting 
the  ore  thoroughly  to  liberate  it  from  all  volatile  matter,  in  such 
a  manner  as  has  been  described  in  a  former  operation.  The 
oxide  thus  obtained  from  one  ounce  of  raw  ore  is  intimately 
mixed  with  25  to  28  dwts.  of  the  following  flux : — 8  oz.  of  refined 
argol  (cream  of  tartar),  1  oz.  8  dwts.  of  saltpetre,  10  dwts.  of  glass 
of  borax,  10  dwts.  of  conunon  glass,  and  6  dwts.  of  slacked  lime ; 
these  are  well  mixed  together  and  rubbed  fine.  To  each  assay 
about  3  dwts.  of  salt  are  mixed.  At  the  same  time  when  this  ore 
and  flux  are  smelted  in  a  covered  crucible,  a  little  flux,  say  8  or 
4  dwts.,  consisting  of  a  mixture  of  salt  and  argol,  is  melted  in 
another  pot,  and  both  heated  at  the  same  time.  The  fluid  assay 
is  now  cast  into  the  hot  pot  with  the  melted  flux,  and  poured 
back  into  the  first ;  this  operation  will  remove  those  particles  and 
little  globules  which  may  adhere  to  the  sides  of  the  pot,  and 
bring  the  metal  down  to  a  solid  button.  The  crucible  is  now 
cooled  and  broken,  and  the  button  of  crude  copper  removed  for 
refining. 

The  direct  way  of  producing  crude  copper  is  not  commonly 
used ;  it  is  applied  to  ores  which  work  hard  in  the  furnace,  such 
as  oxides,  or  ore  mixed  with  heavy  spar,  or  sparry  iron.  The 
yield  is  always  small ;  and  the  purchaser  makes  an  assay  in  this 
way  to  protect  himself  against  losses  in  the  furnaces ;  for  such 
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ores  never  yield  as  well,  or  work  as  cheaply,  as  poor  pyrites. 
Grood,  easy  melting  ores  require  black  flux,  and  do  not  bear  salt* 
petre  in  it;  on  the  contrary,  all  oxidation  must  be  prevented; 
and  if  any  addition  to  the  &:st  flux  is  required  it  is  carbon,  for 
the  potash  resulting  from  the  decomposition  of  the  argol  becomes 
frequently  too  much  for  the  copper.  If  too  much  sulphur  is  in 
the  first  assay,  it  may  be  broken  and  melted  once  more  with  ar- 
gol, which  will  now  produce  the  desired  button,  and  in  all  cases 
a  better  result  than  ores  without  any  sulphur.  A  good  first 
button  ought  to  make  eighteen  or  nineteen  grains  of  crude  copper 
to  the  pennyweight  And  if  in  melting  such  a  button  the  slags 
are  too  strong,  the  addition  of  a  very  little  of  the  slag  from  the 
first  operation  will  cause  it  to  be  fluid. 

JRefimng. — ^The  coarse  copper  thus  obtained  from  either  pro- 
cess is  not  generally  pure  copper ;  the  refining  of  this  is  per- 
formed in  a  small  crucible.  When  the  latter  is  heated  almost  to 
a  white  heat,  the  copper  button  is  held  over  it,  and  when  warm, 
gently  thrown  into  the  pot  Over  the  button,  sufficient  refining  flux 
to  cover  it  is  laid,  and  on  the  top  of  that  a  little  common  salt  B^fin*. 
ing  flux  is  composed  of  one  and  a  half  pound  of  nitre ;  one  pound 
of  red  argol,  and  a  good  handfiil  of  salt  These  substances  are  well 
mixed  and  finely  powdered,  then  heated  in  an  iron  pot  and  stir« 
red  with  a  red  hot  iron,  so  as  to  form  it  into  black  flux.  This 
flux  must  be  saved  in  well  stopped  bottles.  K  the  copper  is  to 
be  very  fine,  the  quantity  of  saltpetre  may  be  increased  to  two 
parts.  When  the  test  is  perfectly  melted,  in  a  closed  ftimace, 
which  requires  only  a  few  minutes,  the  contents  of  the  pot  are 
poured  into  a  greased  mould,  and  after  they  become  cold  the 
copper  will  be  found  fine.  It  is  tried  for  malleability  on  the  an? 
vil,  and  its  color  and  fibre  are  evident  when  it  is  broken.  The 
slags  from  this  operation  generally  contain  copper  which  may  be 
recovered  by  melting  them  with  fresh  argol.  The  globule  of 
metal  obtained  from  this  melting  generally  contains  some  iron, 
but  in  itself  it  is  chiefly  copper.  The  assays  on  copper,  as  well 
as  on  silver  and  gold,  always  indicate  a  smaller  quantity  of  metal 
than  the  ore  yields  in  the  large  operation;  the  purchaser  of 
ore  is  therefore  in  no  danger  of  paying  too  much  for  the  ore  if  he 
buys  according  to  the  assay.  If  highly  oxidized  ores  are  smelt- 
ed, a  large  portion  of  copper  remains  in  the  slags,  all  of  which  is 
not  recoverable  in  subsequent  smeltings.  The  addition  of  salt- 
petre to  the  flux  causes  similar  losses.    All  the  copper  may  be 
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obtUBod  from  Bulphurets  by  the  addition  of  metaUio  iron,  and  a 
flux  of  four  parts  of  carbonate  of  soda.  Without  the  presence 
of  iron,  no  pure  alkali  produoes  any  copper.  Black  flux  ia  the 
best  reagent  for  copper  ores,  aod  the  addition  oi  salt  promotes  tiid 
£>im&tion  and  qtumtitj  of  metal  Copper  which  contains  zioo 
or  tin  is  carefully  refined  with  a  flux  of  salt  and  saltpetre  in  the 
crucible;  that  which  contains  gold  or  silver  is  cupelled  with 
lead,  and  has  been  described  under  the  head  of  cupellation. 

Iron. — An  assay  of  iron  ore  does  not  belong  to  those  which 
are  the  most  easily  performed,  if  we  seek  the  amount  of  metal 
exactly.  In  order  to  succeed  in  this  operation,  we  must  deoxi- 
dize the  iron  ore,  and  produce  a  heat  which  will  melt  the  metal ; 
and,  as  iron  is  extremely  re&actory,  a  high  heat  is  often  required 
to  make  this  assay  succeed.  There  is  no-difficulty  in  this  case  to 
form  a  fusible  slag.  The  accidental  admixtures  at  iron  ore  often 
cause  a  modification  in  the  composition  of  the  flux ;  but  as  a  high 
heat  ie  always  required,  there  is  found  no  diffioulty  in  melting 
akoost  any  compound.  The  flux  is  most  commonly  pure  borax- 
^lasB ;  flint  glass,  or  such  glass  as  contains  no  iron,  may  be  used 
with  equally  good  success.  The  ore  is  pulverized,  and  passed 
through  a  ^Ik  sieve,  well  mixed  with  the  flux  and  coarse  ohar^ 
coal  powder,  and  melted  in  a  black-lead,  or  a  coal-lined  crucible. 
On  the  top  of  the  ore  and  flux  some  coarse  charooal  dust  ia 
brought  to  prevent  the  burning  of  the  charcoal  before  the  ore  ia 
heated.  The  pot  may  be  loosely  covered  by  a  slab.  This  aaaay, 
when  conducted  with  ability,  will  produce  a  foil  result  from  bog 
OTes  and  hydrates,  but  not  ftom  all  other 
ores.  We  will  therefore  describe  a  more 
general  mode  of  amaying,  which  fumidiea 
in  all  oases  correct  results. 

A  QTodble  if  formed,  as  shown  in  fig. 
113,  of  fire-day;  the  foot  moulded  to  it 
senres  as  a  sole-piece ;  it  is  well  baked,  and 
in  fiiet  treated  as  any  other  crucible.  In 
this  pot  a  lining  is  inserted  consisting  of  one 
part,  in  weight,  of  fine  claj,  and  one  of  fine 
charcoal  powder,  moistened  with  a  little 
water.  The  interior  of  the  crucible  is  lined 
with  this  mass  and  dried ;  it  is  about  one 
quarter  of  an  inch  thick.  A  second  cement  is  now  formed  of 
two  parts  of  carbon  and  one  of  clay ;  this  is  moistened,  and  the 
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whole  crucible  is  filled  with  it  and  gently  dried.    In  this  last 
filling,   a  pattern  of  wood  is  pressed  while  the  mass  is  still 
damp ;  this  forms  the  cavity  for  the  smelting  of  the  ore.    The 
ft>rm  of  this  cavity  is  an  inverted  cone,  as  shown  in  the  engrav- 
ing.   The  pot  is  covered  by  a  slab  made  of  fire-clay.    The  ore 
to  be  assayed  is  finely  powdered,  of  which  about  120  grains  are 
used ;  or  if  a  decimal  number  is  selected,  100  grains  may  form 
a  distinct  assay.    To  100  grains  of  ore,  from  12  to  25  grains  of 
glass  of  borax  are  added,  about  half  as  much  of  chalk,  and  also 
fix>m  8  to  10  grains  of  hydrate  of  lime.    This  flux  is  well  mixed 
with  the  ore  and  finely  powdered.    The  mixture  is  put  into 
the  pot,  covered  with  a  layer  of  charcoal  powder  of  hard  coal 
about  a  quarter  or  half  an  inch  thick,  and  then  the  clay  slab 
or  cover  is  luted  firmly  to  the  crucible.     Two  of  these  pots 
may  be  placed  at  once  in  the  fiimace,  but  no  more,  because  the 
heat  required  in  these  assays  is  not  so  uniform  in  the  furnace 
as  to  guarantee  the  finishing  of  all  the  assays  in  the  fire  at  once, 
which  is  necessary  if  we  expect  a  good  result    The  furnace  is 
here  managed  as  in  all  other  assays,  the  heat  at  first  low,  is  gradu- . 
ally  increased,  and  should  be  urged  at  last  by  a  pair  of  bellows, 
A  heat  of  one  hour's  duration  must  be  suflftcient  for  an  assay; 
if  a  longer  exposure  of  the  pot  to  the  fire  is  required,  there  is 
danger  of  its  being  melted  or  broken.    With  anthracite  coal,  or 
coke  as  fiiel,  there  is  no  difficulty  in  maintaining  a  uniform  heat 
without  bellows ;  but  in  feeding  the  furnace  with  charcoal,  it  re- 
quires constant  filling  and  attention;    without  blast  an  assay 
by  charcoal  is  almost  out  of  the  question.    From  the  time  when 
the  strongest  fire  is  applied,  to  the  close  of  the  heat,  not  more 
than  thirty  minutes  should  elapse.     In  this  case  we  cannot  open 
the  pot,  we  must  remove  it,  when  sufficiently  hot,  from  the  fire, 
and  cool  it.    This  pot  cannot  be  set,  because  of  its  form ;  we 
find,  therefore,  always  some  small  grains  of  iron  in  the  slag,  even  if 
the  assay  has  been  well  performed.     When  the  pot  is  cool,  it  is 
broken,  the  button  of  iron  removed  and  the  cinder  carefully 
washed  and  poimded ;  the  grains  of  iron  are  then  extracted  fix)m 
it  by  a  magnet,  and  added  to  the  button,  which  is  now  weighed, 
and  in  grains  indicates  the  per  centage  of  the  ore.     The  slags 
in  this  assay  must  be  perfectly  vitrified,  glassy,  and  of  a  fading 
green  color  when  seen  in  thin  transparent  scales,  or  through  the 
sharp  angles  and  comers  of  the  solid  slag.    The  iron  must  be  a 
little  carbonized,  that  is,  of  a  light  gray  color.    It  will  then  indi- 
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oate  the  exact  amount  of  iron  in  the  ore.  If  the  slag  and  iron* 
are  net  of  the  described  form,  the  assay  is  doubtful  and  of  no 
value ;  if  the  slags  are' stony  and  the  iron  dark  gray,  or  the  slags 
stony  or  vitrified  and  the  iron  white,  no  assay  can  be  considered 
correct. 

Iron  ores  at)pear  in  a  variety  of  forms.  We  recognize  t>nly  two 
classes  as  having  any  influence  upon  the  flux  in  the  assay.  The 
above-mentioned  flux  succeeds  in  most  cases,  but  when  it  appears 
tiiat  the  ore  already  contains  lime,  the  lime  in  the  flux  may  be  dis- 
pensed with,  or  the  quantity  of  borax  increased.  It  does  not 
make  any  difference  if  the  mineral  under  examination  is  a  mag- 
netic iron  ore,  specular  ore,  hydrates  of  oxide  of  iron,  or  hema- 
tites of  all  kinds ;  argillaceous  or  sparry  ore ;  slags  or  glasses, 
cinders  or  scales — ^hammerslag-— of  iron ;  all  work  equally  well 
in  this  assay.  Any  iron  ore  which  cannot  be  melted  with  this 
flux  in  a  crucible,  or  does  not  melt  on  being  mixed  with  other 
kinds  of  iron  ore  and  assayed  with  the  flux,  is  useless  for  the 
large  operation,  for  it  will  assuredly  not  melt  in  the  blast  Airnace. 
If  the  button  is  of  an  iron-gray  color,  but  cold-short,  the  iron 
in  the  furnace  will  be  so ;  and  if  it  is  brittle,  and  the  slag  smells, 
when  heated  and  moistened,  of  sulphuretted  hydrogen,  or  rotten 
eggs,  the  ore  contains  sulphur,  and  will  make  red  short  iron  in  the 
blast  Aimace.  In  all  cases,  a  journal  is  kept  by  the  assayer",  in 
which  each  assay  is  recorded ;  this  is  particularly  necessary  with 
assays  on  iron.  The  treatment  of  the  ore,  flux,  crucible,  coal  and 
heat  are  described ;  the  time  of  smelting,  and  kind  of  fuel  are  en- 
tered; and  the  appearance  of  the  slags,  the  iron,  and  all  such  re- 
marks as  are  peculiar  to  the  assay  are  made  and  noted  The  slag 
must  be  described  very  particularly ;  as,  whether  it  is  compact 
and  perfectly  vitrified  or  spongy  and  porous ;  stony,  transparent 
or  opaque;  crystallized  or  inclined  to  crystallization;  its  color  in 
the  body,  and  in  the  splinters,  in  reflected  light,  and  in  transmitted 
light  The  quality  and  form  of  the  iron  button  must  be  correctly 
described  for  reference ;  whether  it  is  gray,  black  or  white ;  if  crys- 
tallized, the  forms  of  the  crystals ;  whether  it  resists  the  smart 
stroke  of  a  hammer  on  the  anvil ;  and  whether  it  is  brittle,  or,  if 
malleable,  to  what  degree,  &c.  In  &ct,  it  is  not  easy  to  make 
and  record  too  many  observations  on  an  assay  of  iron. 

We  want  generally  the  iron  only,  in  an  assay  of  that  min- 
eral, and  the  quantity  contained  in  the  test    Matters  which  may 
be  separated  by  roasting  on  the  small  scale  perfectly,  cannot  be 
16 
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,removed  entirely  in  the  large  operation ;  it  is  therefoie  of  little 
use  to  roast  the  ore.  Sulphur,  phosphorus,  and  arsenic,  may  be 
removed  by  careful  roasting  in  the  muffle,  but  never  by  the  roast- 
ing operations  in  the  furnace  yard ;  it  is  useless  to  make  good  iron 
in  an  assay,  if  it  cannot  be  done  in  the  iumace  &om  the  same  ore. 
Water  may  be  expelled  by  roasting,  but  the  presence  of  it  does 
not  interfere  with  the  smelting  operationa  either  on  the  lai^  or 
the  small  scale.  A  moist  aaalysis  of  iron  ore  is  practically  of 
no  use  whatever ;  it  serves  for  the  establishment  of  theories  on 
fluxes,  but  the  practical  metallurgist  derives  little  benefit  from 
such  assays.  A  little  time  spent  on  crucible  assays  is  of  infi- 
nitely more  value  than  the  beat  and  most  elaborate  chemical  an- 
alysis. It  furnishes  to  the  manager  of  furnaces  at  once  a  com- 
prehensive view  of  the  practical  value  of  the  mineral  under  ex- 
amination. Extensive  experiments  on  fluxes  may  be  made  in 
the  crucible,  but  it  is  of  no  use  to  employ  fluxes  which  cannot 
be  imitated  in  the  blast  furnace.  When  the  repeated  assay  with 
the  above-mentioned  flux  does  not  a&brd  a  satisfactory  result, 
^e  mineral  examined  is  worthless  as  an  iron  ore. 

An  assay  on  iron  may  be  performed  in  a  Hessian  pot,  when 
the  ore  is  a  hematite ;  in  this  case  it  is  mixed  with  coarse  char- 
coal powder  in  excess,  the  grains  of  which  are  of  the  size  of  pus' 
heads.  Such  granulated  charcoal  is  formed  by  cutting  it  horn 
the  face  of  a  round  stick  of  coal,  by  means  of  a  sharp  knife ;  the 
fine  dust  made  in  this  operation  is  separated  from  the  grains  by 
a  sieve.  Ore  which  requires  a  stronger  heat  than  hydrates,  such 
nt- 114.  as  red  oxides  of  iron  and  magnetic  ore,  may 

be  smelted  in  a  black-lead  pot,  and  mixed 
with  coarse  coal  as  above.  Fine  coal  is  in- 
admissible here,  because  it  hinders  iron  and 
cinder  from  running  together.-  An  essential 
condition  in  this  assay  is,  that  the  bottom 
of  the  pot  be  thoroughly  hot  in  order  to 
melt  the  iron ;  a  large  foot-piece  is  for  these 
reasons  inadmissible,  and  the  above-describ- 
ed pot  is  employed,  because  it  has  but  a 
very  small  sole-piece.  In  anthracite  coal, 
and  in  coke  fires,  a  common  clay  crucible 
or  a  plumbago  pot,  may  be  used,  but  the 
It  way  to  success  is,  to  line  the  crucible  as  described  above, 
and  shown  in  fig.  114. 
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Mercury. — Quicksilver  is  easily  assayed,  if  we  are  provided 
witb  a  proper  apparatus.  The  treatmeat  of  materials  which  con- 
tain mercory,  in  order  to  obtain  it,  is  in  all  cases  similar.  The 
mineral  may  be  an  amalgam  or  oxide ;  when  eulphurets,  chlo> 
rides,  or  similar  compounds  are  to  be  asaayed,  a  flnx  must  be  used 
which  combines  with  the  foreign  matter.  The  most  convenient 
apparatus  for  assaying  mercury  is  represented  in  iig.  115.  An 
iron  retort  of  about  three  inches  diameter,  vhich  is  composed  of 


two  parts,  is  used ;  the  lower  part  is  a  castriron  convex  vessel,  to 
which  a  dome  with  neck  of  cast-iron  is  screwed ;  the  whole  is  in- 
serted in  a  comimon  lire-pot  and  covered  with  coal ;  the  fire  is  ap- 
plied &om  above  so  as  to  heat  the  dome  iirst,  which  must  be  aof- 
ficamtly  hot  not  to  condense  the  quicksilver.  To  the  neck  of  the 
retort  a  sheet-iron  pipe  of  about  half  an  inch  in  width  and  two 
and  a-half  feet  in  length  is  screwed,  which  inclines  to  the  ground 
and  reaches  down  with  its  mouth  over  a  glass  or  porcelain  baan 
with  water,  but  does  not  dip  into  the  water.  This  iron  pipe  is 
surrounded  with  a  second  pipe  of  tin  plate,  soldered  tightly  above 
and  below  to  the  iron  pipe.  At  the  upper  part  of  the  latter  ppe 
a  funnel  of  tin  plate  is  fastened,  so  that  it  may  serve  as  a  reservoir 
for  water;  at  the  lower  end,  a  stop-cock  is  soldered  to  the  tin 
pipe,  which  regulates  the  efBuz,  and  so  the  influx  of  water.  The 
space  between  the  iron  pipe  and  the  tin  pipe,  which  is  about  ^  of 
an  inch  in  width,  is  thus  always  filled  with  cold  water,  and  any 
vapors  of  mercury  which  pass  through  the  iron  pipe  are  con- 
densed and  drop  into  the  basin  below  its  mouth.  The  efSux  is 
so  r^^ated  that  the  water  is  always  cold,  and  the  funnel  con- 
stantly provided  with  fresh  water.    Small  quantities  of  ore,  or 
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amalgam,  may  be  assayed  in  a  glass  retort,  but  tbat  is  a  dijfioolt 
operation ;  the  glass  is  liable  to  break  in  conaequenee  of  the  hi^ 
heat  necessary  for  the  assay. 

Amalgams,  such  as  those  of  gold,  silver^  tin,  lead,  zinc,  and 
others,  are  distilled  Yrithout  any  addition  of  flux,  or  absorbent  mat- 
ter. A  mineral  which  contains  quicksilver  in  one  form  or  another 
is  finely  powdered,  and  mixed  with  half  its  weight  of  metallic  iron, 
if  the  ore  is  cinnabar,  to  which  a  little  black  flux  or  a  mixture  of 
lime  and  carbon  is  added.  When  oxides  or  chlorides  are  to  be  dis- 
tilled, carbonate  of  potash  or  soda,  equal  to  half  the  weight  of  the 
mineral,  mixed  with  half  that  weight  of  black  flux,  is  added. 
The  retort  is  unscrewed  and  the  mixture  put  into  the  lower  part 
and  covered  by  an  extra  layer  of  flux  of  about  a  ^  of  an  inch  in 
thickness ;  the  latter  addition  prevents  the  escape  of  unreduced 
mercury.  Lime  is  in  all  cases  a  servicable  addition  to  the  flux ; 
it  &cilitates  the  operation  and  prevents  boiling.  All  the  ores  of 
mercury  are  liable  to  boil,  for  which  reason  a  retort  should  not 
be  filled  more  than  ^  or  |,  and  the  fire  invariably  applied  fix)m 
above.  A  strong  red  heat  which  does  not  melt  cast-iron  is  suffi- 
cient for  driving  off  all  the  mercury  firom  any  compound  what- 
ever. The  mercury  thus  obtained  by  an  assay  is  never  pure ; 
but  as  the  quantity  of  foreign  matter  contained  in  it  is  very  small, 
we  may  neglect  its  presence,  and  weigh  the  gathered  globules  as 
they  come  from  the  pipe,  and  accumulate  in  the  dish,  as  if  they 
were  the  real  contents  of  the  ore. 

Ghromium, — This  metal  cannot  like  other  compounds,  be  re- 
duced from  its  oxides  to  a  metallic  condition,  at  least  not  with 
sufficient  purity  to  answer  the  purposes  of  an  assay.  The  presence 
of  chrome  is  found  by  the  blow-pipe  experiment  most  srfely,  and 
if  it  is  desirable  to  know  the  quantity  of  metal  in  the  ore,  we 
combine  its  acid  with  potash,  and  determine  the  weight  of  chro* 
mium  by  the  weight  of  chromate  of  potash.  This  is  an  operation 
belonging  to  the  chemist ;  the  quantitative  assay  of  chrome  ore  is 
of  no  value  to  the  metallurgist  The  alloys  of  this  metal  are  of 
49ome  importance,  of  which  we  shall  speak  hereafter. 

Zinc. — The  presence  of  this  ore  in  a  mineral  is  found  by  ap- 
plying the  blow-pipe  test ;  a  quantitative  assay  is  not  so  easily 
performed.  The  best  and  most  convenient  way,  is  to  determine 
the  quantity  of  zinc  by  an  assay  of  difference.  The  ore  which  is 
to  be  assayed  is  finely  pulverized,  and  roasted,  so  as  to  expel  all 
sulphur  and  other  volatile  matter,  which  is  not  so  easily  performed 
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with  blenda  Two  hundred  grains  of  crude  zinc  ore  are  thus  ex- 
posed to  a  red  heat,  which  must  not  be  too  strong  at  first,  because 
the  ore  is  very  liable  to  melt,  particularly  if  any  lead  is  present. 
After  repeated  roasting  and  pulverization,  we  may  succeed  by 
diligence  in  roasting  the  above  amount  of  ore  in  three  or  four 
hours'  time;  The  ore  thus  roasted  is  mixed  with  about  40  or  60 
grains  of  fine  charcoal  powder,  put  in  a  Hessian  crucible,  and  cover 
ed  by  a  layer  of  coal ;  a  clay  slab  is  then  laid  loosely  on  the  cruci- 
ble to  protect  the  interior  of  the  pot  against  the  falling  in  of  coal. 
The  crucible  thus  prepared  is  gently  heated,  dried  at  first,  and 
then  suddenly  exposed  to  a  strong  white  heat,  so  as  to  form  and 
evaporate  metaUic  zinc  quickly.  The  residue,  afi^r  being  again 
roasted  in  the  muffle  to  remove  all  the  carbon  which  may  remain, 
shows  how  much  metal  has  been  evaporated ;  this  is  set  down  as 
oxide  of  zinc,  from  which  the  quantity  of  metal  is  deducted. 
100  parts  of  oxide  are  equal  to  80  parts  of  metal.  This  operation, 
simple  as  it  appears,  does  not  furnish  a  correct  assay ;  if  lead, 
bismuth,  and  similar  metals  are  present,  all  of  them  are  evaporat- 
ed with  the  zinc,  in  case  their  amount  is  not  more  than  20  per 
cent  to  that  of  the  zinc  Another  mode  of  assaying,  is  to  mix 
the  ore  with  borax  and  lime,  the  kind  of  flux  used  in  the  assay 
of  iron ;  and  then  proceed  with  zinc  ore  exactly  as  with  iron  ore 
in  smelting,  that  is,  employ  a  high  heat  and  evaporate  all  the 
zinc.  This  method  is  objectionable  for  the  same  reasons  as  the 
previous  mode ;  for  all  the  lead,  bismuth,  antimony,  and  even 
some  copper,  are  entirely  driven  oflf  with  the  zinc  by  the  heat. 

Assaying  zinc  ore  by  distillation,  on  the  principle  employed 
in  the  large  operation,  is  impracticable,  because  the  metal  cannot 
be  gathered  correctly.  Any  assay  made  in  this  manner  is  there- 
fore worthless.  Pure  zinc  ore,  which  contains  zinc,  iron,  silex,  or 
day  only,  may  be  assayed  by  the  above  differential  assay  with 
sufficient  accuracy  in  the  result.  Ores  which  contain  lead  and 
other  volatile  metals,  must  be  analyzed  in  the  moist  way.  As 
this  mode  of  assaying  is  beyond  our  limits,  we  abstain  from 
alluding  to  it. 

Tin. — ^The  assay  of  tin  ore  is  not  difficult,  but  it  still  requires 
some  practice  to  perform  it  well.  This  metal  is  extremely  vola- 
tile, and  as  the  affinity  of  its  oxide  for  silex  is  great,  it  requires  a 
strong  heat  to  separate  it  from  that  substance,  and  in  the  mean 
time  its  evaporation  must  be  prevented.  An  assay  on  tin  ore 
can-bcmade  at  a  low  heat,  like  that  of  lead^  if  we  melt  the  ore 
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finely  powdered  -with  black  flax  and  otirbonate  of  soda.  An 
assaj  made  in  tMa  way  is  incorrect ;  for  the  oxide  of  tin  ie  solable 
in  an  alkaline  slag,  and  when  all  the  metal  is  reduced  from  the 
elag,  the  latter  becomes  too  re&actory  to  admit  of  gathering  tiie  tin 
into  a  button  ;  it  is  tfaefore  diffiised  in  amall  globules  through  the 
mass  of  the  slag.  The  presence  of  silex  is  the  chief  objection  to 
smelting  tin  ore  with  a  large  quantity  of  alkali ;  for  pure  ores, 
which  may  be  still  rich  enough  for  the  large  operation,  will  not 
furnish  any  tin  by  such  an  assay.  A  crucible  lined  with  pure 
charcoal,  or  that  ^own  in  fig.  116,  is  the  best  for  an  assay  on  tin  ■ 
the  presence  of  ailex  or  day  should  be  avoided  by  all  means,  and 
the  ore  freed  from  that  substance  as  far  as  possible  before  smelt- 
ing. This  may  be  done  to  perfection,  as  tin  ore  is  very  heavy. 
An  assay  performed  by  these  means  is  useless  as  a  quantitative 
assay,  and  a  qualitative  test  may  be  bad  with  the  blowpipe ;  it 
is  therefore  of  no  use  to  test  tin  ore  by  low  heat  and  alkaline 
fluxes. 


Tin  ores  generally,  tin  slags  from  smelting-fumaces  particu- 
larly, are  beat  treated  as  follows.  The  ore  or  slag  is  finely  pow- 
dered, and  mixed  with  y,  or  J  of  its  weight  of  charcoal-powder, 
the  grains  of  which  are  a  little  smaller  than  a  pin's  head.  This 
mixture  is  exposed  for  a  couple  of  hours  to  the  strong  heat  of  the 
lur-fumace,  in  a  well-luted  Hessian  crucible,  lined  with  charcoal, 
or  a  black-lead  pot  lined  with  charcoal  dust.  The  ore  is  thus 
converted  into  a  brittle,  sandy  mass  of  cinder,  which  is  easily 
brokai  and  changed  into  a  coarse  powder ;  this  is  washed  to  re- 
move the  coal,  and  the  ore  thus  prepared  mixed  with  half  its 
weight  of  carbonate  of  soda,  and  exposed  to  a  strong  heat  in  a 
ooal-lined  pot     Bich  ores  will  furnish  in  this  way  frvm  76  to  80 
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per  cent,  of  their  metal ;  the  rest  remains  still  in  the  slags.    Poor 
ores,  of  10  and  15  per  cent,  of  metal,  do  not  furnish  any  metal. 

Tin  ore  may  be  assayed  in  the  strongest  heat  of  an  air-furnace, 
directly,  with  a  flux  of  borax  and  carbonate  of  soda ;  an  assay  of 
this  kind  is,  however,  extremely  difficult  and  uncertain — the  re- 
sults depend  here,  as  in  all  other  instances,  on  the  volatile  charac- 
ter of  the  accompanying  minerals,  and  the  quantity  of  silex 
present  An  assay  thus  made  must  be  uncertain,  for  a  large 
quantity  of  metal  may  be  lost  by  evaporation.  An  assay  on 
tin  ore  is  performed  in  England,  which  answers  for  practical  pur- 
poses. It  does  not  furnish  the  exact  quantity  of  the  metal,  but, 
as  the  operation  on  the  large  scale  does  not  furnish  all  the  tin, 
tiie  assay  is  sufficient  for  establishing  the  value  of  the  ore. 

JSnglish  Assay, — Of  the  concentrated  and  roasted  tin  ore,  5  oz. 
are  weighed  and  mixed  with  one-fourth  part,  or  1  oz.  6  dwts.,  of 
culm — ^bituminous  coal-slack — ^free  from  sulphur  and  sand;  or 
pure  bituminous  coal  grossly  pounded.  The  mixture  is  put  in  a 
blue  pot — ^black-lead  crucible — and  this  exposed  to  the  strongest 
heat  of  the  air-furnace,  for  15  or  20  minutes,  or  so  long  as  the 
coal  blazes  or  emits  gas.  Then  stir  the  mass,  and  work  it  by 
means  of  an  iron  rod  down  into  the  pot,  and  melt  for  6  or  8 
minutes  longer.  By  this  time,  the  metal  has  become  a  stiff  semi- 
fluid slag;  the  crucible  is  now  removed,  the  slag  drawn  to  one 
side,  and  the  metal  cast  into  an  iron  mould  which  has  been  pre- 
viously greased.  The  slags  are  scraped  out  of  the  pot  as  clean 
as  possible,  into  an  iron  mortar ;  after  pounding  and  washing  it, 
a  great  many  grains  of  tin  are  found  in  the  bottom  of  the  wash- 
pan,  which  is  of  that  form  used  for  washing  and  testing  gold 
ores.  These  grains  and  the  ingot  weighed  together,  show  the 
yield  of  the  ore  in  the  furnaces ;  it  is  below  the  actual  quantity 
of  metal  contained  in  the  ore.  There  is  no  way  of  testing 
this  metal  for  its  purity  but  by  the  tin-cry ;  for  which  reason 
the  melted  tin  is  cast  into  a  shallow  mould,  in  order  to  obtain  a 
thin  bar  which  may  be  bent.  New  pots  do  not  furnish  so  good 
a  yield  as  old  pots,  because,  in  the  first  a  part  of  the  tin  is  ab- 
sorbed and  adheres  tenaciously  to  the  crucible.  Instead  of  bitu- 
minous coal-dust,  saw-dust,  or  brown-charred  wood,  may  be  used ; 
mineral  coal  is  the  best  From  dean,  well-washed,  and  con- 
centrated ore,  about  60  parts  of  metal  to  100  of  ore  are  thus 
obtained — such  ore  actually  contains  70  and  72  of  metal ;  the 
smelter  generally  pays  only  55  of  metal  in  case  the  ore,  by  the 
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assay,  shows  60 ;  and  if  less,  he  deducts  still  more  than  5  poaiidji 
from  the  60,  or  less,  of  metal.  And,  as  by  a  second  smelting  of 
the  slags  about  one-half  of  the  remaining  tin  is  obtained,  the 
smelter  derives  from  10  to  12  pounds  of  metal  profit  on  100 
pounds  of  ore.  The  smelter  pays  thus  to  die  miner  about  50  or 
55  poimds  of  tin  for  100  pounds  of  ore ;  the  rest  is  for  his  labor. 

CcbalL — ^An  assay  of  cobalt  ore  is  difficydt ;  in  the  reduction 
of  the  pure  oxide  to  metal  there  is  not  the  slightest  difficulty, 
but  this  does  not  happen  to  be  found  native.  For  these  reasons 
the  cobalt  ores  are  treated  in  the  moist  way,  to  obtain  pure  oxide 
of  cobalt ;  and,  if  required,  this  is  reduced  to  metaL  The  puie 
oxide  is  mixed  with  the  same  flux,  and  treated  as  the.  test  on 
iron  ore — to  which  the  reader  is  referred.  The  cobalt  thus 
obtained  contains  a  little  carbon,  which  may  be  removed  by 
cementation  in  a  Hessian  crucible,  and  the  addition  of  a  little 
black  manganese.  Cobalt  may  be  most  readily  produced  in  a 
porcelain  tube  by  heating  the  oxide,  and  leading  hydrogen  or 
carburetted  hydrogen  over  it ;  it  is  then  in  the  form  of  a  coarse 
powder. 

The  oxide  of  cobalt  is  produced  by  melting  the  ore  with  its 
own  weight  of  saltpetre;  if  the  ore  is  pure,  once  and  a.  half  or 
twice  its  weight  of  nitre,  to  which  one  part  of  carbon&te  of  soda 
is  added.  This  mixture  is  melted  in  an  iron  pot,  and  poured, 
after  being  properly  melted,  into  water  and  dissolved.  The  resi- 
due is  pure  oxide  of  cobalt,  if  the  ore  was  pure.  If  iron, 
sUex,  or  other  metals,  arc  present,  the  sediment  of  course  con- 
tains some  or  all  of  these  substances.  In  order  to  purify  the 
oxide  from  these  foreign  substances,  it  is  placed  in  aquafortis^ 
which  dissolves  chiefly  the  oxide  of  cobalt  when  the  acid  is  limit- 
ed. The  fluid  thus  obtained  is  filtrated  from  the  sediment,  and 
precipitated  by  adding  a  solution  of  the  carbonate  of  soda,  in 
small  quantities,  so  as  to  precipitate  the  iron  first,  which  is  recog- 
nized by  its  crimson  color.  When  the  precipitate  begins  to 
become  rose-colored,  the  fluid  is  filtrated  from  the  sediment,  and 
carbonate  of  soda  is  added  in  excess,  which  now  produces  oxide 
of  cobalt  only. 

The  presence  of  cobalt  in  an  ore  may  be  easily  recognized  by 
means  of  the  blowpipe ;  and  if  a  more  extensive  experiment  is 
required,  we  may  try  8  or  10  dwts.  in  a  crucible.  The  ore  is 
pounded  and  sifted,  and  roasted  in  a  large  crucible  like  copper 
ore,  to  which  the  reader  is  referred.    When  the  ore  becomes  red 
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hoti  U  shows  Uquid  drc^  on  llie  iron  rod  by  which  it  is  stirred; 
these,  appear  like  melted  lead ;  the  pot:  is.  now  removed  and 
oooled.  Two  dwts,  of  this  roasted  ore  are  jnixed  with  six  dwts.  of 
fine  white  clay,  which  has  been  calcined  in  order  to  ascertain  if 
it  is  firee  firom  iron  and  other  coloring  matter ;  or,  if  such  clay 
cannot  be  had,  pure  white  sand,  finely  powdered,  may  be  used. 
To  this  mixture  of  clay  and  cobalt  is  added  double  its  weighty  or 
sixteen  dwts.,  of  carbonate  of  soda ;  the  whole  is  then  well  mixed 
wnd  exposed  in  a  covered  Hessian  crucible  to  .a  white  heat,  all 
carbon  being  careiully  excluded.  The  heat  may  oontinue  half 
an  hour  or  longer;  at  any  rate  the  mass  must  beeome  perfectly 
fluid.  In  the  bottom  of  the  pot  a  button  of  some  metal,  nickel  or 
bismuth,  is  generally  found,  whidi  is  thrown  out  The  slag  is 
found  of  a  dark,  blackish-blue  color,  which,  when  ground  and 
washed,  becomes  sky-blue.    This  is  smalt,  or  cobalt  glass. 

NuJceL — The  source  of  this  metal  is  chiefly  in  the  cobalt  ored ; 
it  is,  however,  found  as  kupfer-nickel,  where  it  is  associated  wifli 
arsenia  Nickel  is  more  refractory  than  iron,  and  requires  the 
strongest  heat  of  the  air-furnace.  It  can  be  produced,  like  cobalt, 
firom  the  pure  oxide  only.  The  ore  is  treated  exactly  like  cobalt 
ore,  in  case  it  is  arseniuret  of  nickel.  If  any  cobalt  is '  preseiit)  a 
better  plan  is  to  roast  the  ore  like  copper  ore,  and  smelt  for  oo« 
bait,  as  above  described.  The  button  of  metal  at  the  bottom  of 
the  crucible  generally  contains  all  the  nickel  combined  with  sul- 
phur, and  some  other  metals.  This  button  is  broken,  and  ex- 
posed to  the  action  of  diluted  sulphuric  acid,  which  dissolves  aU.- 
the  other  metals  but  not  the  nickeL  The  remaining  part  of  the* 
button  is  then  exposed,  with  borax,  to  a  strong  heat,  which  pro* 
dunes  a  metallic  button,  consisting  chiefly  of  nickeL  In  the  third 
part  of  this  work  we  shall  aUude  to  Ihis  subject  more  at  length. 

.  JS^!9m«i(Aw— -This  metal  is  chiefly  extracted  firom  the  cobalt 
ores.  -The  sediment  of  these  ores,  or  the  button  obtained  by  the 
cobalt  smelting,  the  latter  by  itself  and  the  first  with-  a  flux  of 
borax,  are  melted  in  the  mufiKe  in  a  clay  dish,  or  on  a  cupeL' 
The  oxide  of  bismuth  is  more  quickly  absorbed  by  a  cupel  than 
lead,  and  of  course  more  rapidly  than  other  oxides.  A  cupel 
thus. saturated,  and  freed  firom  the  other  adhering  matter  wluch 
covers  its  surface,  is  then  pounded  and  melted  in  a  coal-lined  pot' 
with  black  flux  and  some  borax,  in  a  gentle  heat,  and  treated 
like  }ead.  The  metal  thus  obtained  is  not  pure,  but  sufficiently 
so  to  distinguish  its  character. 
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(hdmium, — This  metal  cannot  be  produced  in  the  dry  assay. 
Of  its  manufacture  we  shall  speak  hereafter.  From  metallic  zinc 
it  is  separated  by  dissolving  the  metal,  and  precipitating  the  cad* 
mium  fix)m  Ae  solution  by  pure  zincx 

AnJdmony. — ^This  substance  is  assayed  exactly  like  lead,  but 
as  it  is  more  volatile,  the  heat  must  be  more  limited.  With  proper 
attention,  the  loss  caused  by  evaporation  may  be  reduced  to  five  or 
six  per  cent  Most  of  the  metal  thus  produced  contains  iron,  and  as 
the  affinity  of  antimony  for  iron  is  very  strong,  it  is  not  advisable 
to  melt  in  an  iron  pot ;  the  presence  of  oxide  of  iron  in  the  flux 
must  also  be  prevented.  It  is  also  necessary  to  roast,  if  possible, 
the  sulphuret  of  antimony,  because,  if  melted  with  metallic  iron, 
the  antimony  is  never  free  from  iron.  The  roasting  operation  is 
exceedingly  slow ;  but  the  assay  made  of  the  oxide  is  more  safe 
than  smelting  the  sulphuret  in  the  presence  of  iron.  The  oxide 
thus  obtained  is  mixed  with  three  parts  of  black  flux  and  one 
part  of  carbonate  of  soda,  or  any  kind  of  alkaline  flux  and  car^ 
bon.  The  antimony  thus  obtained  contains  often  five  per  cent, 
of  potassium,  which  imparts  to  it  a  granulated  firacture,  instead  of 
a  strongly  developed  crystalline  appearance,  which  is  the  natural 
form  of  pure  antimony.  No  form  of  a  dry  assay  produces  aU  the 
metal  firom  the  ore,  and  in  no  case  can  the  metal  be  obtained  in 
its  pure  state. 

Other  Metals, — ^Manganese  metal,  titanium,  uraniimi,  colum- 
bium,  ceritun,  vanadium,  molybdenum,  cannot  be  assayed  in  the 
dry  way.  These  metals  are  of  some  importance  when  alloyed 
with  others,  and  we  shall  mention  their  qualities  in  that  relation 
in  the  proper  places. 

Assay  of  Fuel, — Since  in  metallurgical  operations  the  chief  ob- 
ject of  an  assay  of  ftiel  is  to  know  the  quantity  of  heat  which  a 
combustible  may  produce,  and  since  that  heat  is  in  direct  pro- 
portion to  the  quantity  of  oxygen  consumed,  it  is  comparatively 
easy  to  determine  the  value  of  fuel  in  this  respect.  For  practical 
purposes  the  assay  is  made  sufficiently  correct  with  pure  litharge ; 
this  must  be  fi'ee  firom  minium  and  oxides  of  other  metals.  One 
part,  say  ten  grains  of  fuel — ^this  may  be  wood,  or  mineral  coal  of 
any  kind — ^is  converted  into  fine  powder,  and  mixed  with  at  least 
thirty  times  its  own  weight,  or  800  grains  of  litharge,  with  some 
substances,  such  as  pure  charcoal  or  anthracite ;  forty  parts  of 
oxide  of  lead  must  be  used.  The  fuel  and  litharge  are  well 
mixed,  and  put  into  a  large  Hessian  pot,  which  must  be  only 
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half  filled  Tith  it  Over  this  mixture  a  layer  of  pure  litharge  is 
thrown,  of  about  half  an  inch  or  three  quarters  of  aa  inch  in  thick- 
ness, and  the  crucible  placed  in  a  hot  Aimace  under  a  goodoover, 
to  prevent  the  dropping  in  of  coal ;  to  prevent  the  upsetting  of 
the  pot,  the  fire  ought  to  be  made  of  coke  or  anthracite.  A  heat 
of  ten  or  twelve  minutes  is  sufficient  to  melt  the  mass,  which  in 
most  cases  boils  and  must  be  watched ;  an  additional  heat  of  ten 
minutes  finishes  the  assay,  and  concentrates  the  metal  whioh  is 
formed  into  a  button  at  the  bottom  of  the  pot  The  crucible  is 
now  removed,  and  settled  by  a  few  smart  strokes  on  the  fioor ; 
after  being  cooled  it  is  broken.  The  metal  button,  which  is 
always  found  to  be  remarkably  clean,  is  weighed,  and  its  weight 
indicates  the  quantity  of  combustible  matter  in  the  fiieL  When 
pure  carbon  reduces  thirty-three  parts  of  lead  from  lithai^,  the 
difference  in  the  weight  of  the  button  shows  the  inferior  value  of 
tiie  fuel  Tinder  examination  to  pure  charcoal.  In  this  case,  die 
weight  of  the  lead  button  formed  by  10  grains  of  carbon  ought 
to  be  SSO  grains ;  if  it  is  less  than  that,  the  fhel  does  not  contain  so 
much  combustible  matter  as  charcoal. 

Partietdar  value  ofFud. — In  many  instances  it  is  necessary  to 
know  the  amount  of  pure  carbon  in  fuel.  This  is  the  case  when 
fuel  is  used  in  such  smelting  furnaces,  where  the  ore  is  brouf^t 
in  immediate  contact  with  the  coal.  We  are  here  to  asoerbuo  the 
amoont  of  volatile  matter  and  also  the  amount  of  ashes.    The 


qxtantity  of  volatile  matter  is  easily  feund  by  calcining  the  fuel  at 
a  red  heat    Wood  in  pieces,  or  bituminous  or  other  coal,  is  loose- 
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Ij  put  in  a  Heasiaxi  pot^  tpon  which  a  second  pot  is  inverted  aa^ 
luted,  as  shown  in  fig.  118,  with  the  difference,  that  here  no  pipes 
are  naeessaiy,  andsimplj  ahole  in  the  bottom  of  the  covering  pot 
is  sufficient  The  heat  of  the  crucibles,  at  first  gentle,  and  then  -^ 
high,  red  heat,  will  drive  ofif  all  the  volatile  substances,  such  as 
water,  most  of  the  hydrogen,  with  some  carbon,  all  oth^  guises 
which  may  be  in  the  pores  of  the  co^  and  some  of  the  sulphur, 
in  ease  sidphurets  are  present  The  remaining. substance,  being 
almost  pure  carbon,  is  weighed,  and  indicates  the  loss  caused  by 
the  evaporation  of  volatile  matter. 

A8ke8.--*la  order  to  determine  the  residue  which  is  left  i^fter- 
the  coal  is  consumed,  a  certain  quantity  of  fiiel,  say  100  grainsi 
is  used  for  a  test,  in  small  fragments;  fine  dust  does  not  so  well 
secure  a  thorough  combustion.  This  powder  is  placed  in  a 
glased  porcelain  dish,  and  exposed  to  the  heat  of  the  muffla 
While  burning,  it  is  stirred  by  an  iron  wire,  but  not  too  much,  her 
cause  the  ashes  may  be  carried  ofif  by  the  hot  gases,  if  the  com- 
bustion is  violent  It  requires  in  many  instances  a  long  time 
and  a  protracted  heat  for  this  operation ;  in  aU  cases,  however,  a 
low  heat  wiU  furnish  a  more  correct  result  than  a  rapid  heat 
When  the  (^ration  is  considered  as  finished,  a  small  part  of  the 
ashes  is  moistened,  and  if  it  continues  white,  or  retains  its  coloi^ 
it  may  be  pure;  but  when  it  turns  gray  or  black,  some  of 
the  carbon  is  still  there,  and  the  heat  must  be  continued  until 
the  ashes  show  their  original  color  when  moistened.  The  resi- 
due thus  obtained  is  weighed,  and  |;he  number  of  grains  shows 
directly  the  per  centage  of  ashes  in  the  fuel.  The  composition 
of  these  ashes  has  some  influence,  on  metallurgical  operations. 
We  shall  speak  of  this  hereafter.  / 


•  •• 


CHAPTER   II. 

Preparation  of  Ore  by  Hand. — ^When  ores  are  removed  or 
loosened  from  the  vein  in  the  mine,  a  superficial  separation  of 
gangue  or  veinstone  from  the  ore  is  performed  'by  the  miner. 
The  ore  in  this  condition  is  brought  above  ground ;  it  is  then 
once  more  assorted,  and  if  small  parts  of  veinstone  are  consid- 
ered injurious  to  the  smelting  operation,  they  are  removed  by 
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tireaking  the  ore,  and  separating  it  firom  the.  rooky  matter.  This 
labor  is  generaDy  performed  by  small  boys,  in  a  sitting  position, 
so  that  they  may  be  close  to  the  ore  and  examine  it  with  care, 
that  none  which  is  valuable  may  be  thrown  away,  and  not  more 
rocky  matter  left  with  it  than  is  necessary,  or  which  cannot  be 
removed  without  loss.  Ores  which  contain  heavy  matter,  such 
as  veinstone,  should  be  carefiiUy  assorted  by  hand  before  they 
are  brought  to  the  machines.  Such  matter  as  heavy  spar,  car- 
bonate of  baryta,  augit  and  hornblende,  quartz,  elay  slate,  &a;, 
should  be  separated  by  hand,  for  these  substances  cannol;  be 
removed  entirely  by  machinery,  arid  are  very  troublesome  in.  the 
subsequent  operations.  The  ores  as  they  come  from  the  mine 
should  be  separated  according  to  size  and  purity ;  the  fine  ore, 
or  slack,  is  thrown  by  itself,  for  it  id  in  most  cases  more  impure 
than  lump  ore.  Pure  ore  in  pieces,  is  piled  by  itself;  and  the 
doubtftd  pieces,  which  contain  chiefly  rocky  matter,  are  thrown 
into  a  separate 'heap.  Such  ores  as  iron  are  easily  assorted; 
it  is  of  not  much  consequence  if  a  little  rocky  matter  is  mixed 
with  the  ore,  or  a  little  ore  thrown  away  with  the  veinstone ; 
but  with  silver  ores  this  is  not  so,  nor  with  gold,  lead,  and  orc« 
which  appear  in  the  form  of  sulphurets.  These  are  often  scat* 
tered  through  the  rock  in  fine  particles,  which  are  hardly  visible. 
It  would  riot  make  much  difference  in  the  results  of  a  mine,  rif 
rbck  which  contains  pyrites  in  small  particles  wjuj  thrown  away; 
but  there  is  a  peculiarity  connected  with  such  pyrites ;  they  oon- 
tairi  more  precious  metal  than  the  densely  grouped  masses,  and 
are  easily  purified  by  pounding  and  washing;  it  is  therefore  well 
worth  the  trouble  of  attending  closely  to  the  separation  of  pyrite- 
ous  ores.  It  does  not  generally  take  much  rock  to  flimifih  a  ton 
of  pyrites.  The  same  is  true  of  tin  and  copper  orea  In  our 
mines,  and  operations  for  assorting  ore,  we  cannot  spend  much 
labor  on  the  crude  material,  because  labor  is  too  expensive 
for  that  purpose;  for  this  reason  iron  ores  are  selected  in  the 
mines,  and  thrown  into  the  ftimaces  without  further  attention,  in 
respect  to  rocky  matter.  This  mode  of  treating  ore  answers  the 
purpose  in  some  cases,  but  not  in  others ;  and  those  ores  which 
are  much  affected  by  refractory  matter,  in  the  ftmaace,  such  as 
tin,  silver,  lead  and  antimony,  ought  to  be  careftdly  selected  and 
purified  from  it.  In  this  case,  four  sorts  of  ore  are  made  of  the 
mineral  as  it  comes  from  the  mine ;  the  pieces  of  pure  ore  are 
thrown  by  themselves;  then  lump  ore  which  contains  sufficient 
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metal  to  pay  for  stamping ;  then  fine  dust,  and  sweeping?  from  the 
mine  and  £rom  the  yard ;  and  finally  rock.  The  latter,  of  CQurs^ 
is  thrown  away,  in  case  it  does  not  pay  for  converting  it  into 
stamp  work.  The  pure  ore — ^&t  ore — ^is  either  brought  directly 
to  the  fiimace,  or  to  the  roasting  furnaces ;  the  impure  lumps  of 
ore  are  brought  to  the  stamping  mill,  and  the  sweepings  are 
washed  by  hand.  These  firequently  contain  only  five  or  ten  per 
cent  of  useful  metal,  and  cannot  be  worked  in  the  stamping 
machine,  for  the  ninety  parts  of  rock  will  not  only  absorb  the 
ten  parts  of  ore  which  are  in  its  composition,  but  will  carry 
away  some  of  the  metal  fi*om  the  lump  ore  which  is  brought 
with  it  to  the  mill.  The  stamping  mill  loses  in  some  cases 
twenty  per  cent,  and  often  more,  of  that  ore  which  is  deteriora- 
ted by  rocky  matter ;  that  loss  increases  with  the  poorer  qual- 
ities of  ore. 

The  sweepings  are  therefore  washed  by  hand,  and  if  they  do 
not  pay  in  that  way,  they  are  rejected  altogether.  Various 
forms  of  machines  for  washing  ore  are  in  use.  A  common  wire 
sieve  is  often  found  to  be  sufficient ;  the  fine  ore  is  taken  on  a 
sieve  of  |  or  tt  of  an  inch  holes,  and  shaken  in  a  tub  full  of 
water,  which  is  supplied  by  a  small  current  The  fine  ore  is 
thus  worked  through  the  sieve,  and  passes  into  the  tub;  the 
heavy  particles  sink,  and  the  lighter  earth  is  floated  oflF  by  the 
current.  The  ore  remaining  on  the  sieve  is  picked  up  by  hand 
and  freed  from  quartz  and  spar,  and  if  pure  it  is  sent  to  the 
roast  oven.  The  fine  ore  in  the  tub  is  stirred,  and  when  the  lat- 
ter is  nearly  filled  with  mud,  clay,  and  rocky  matter,  it  is  removed. 
If  this  sediment  is  rich  in  ore,  so  as  to  pay  for  washing  it  once 
more,  it  is  taken  on  a  finer  sieve,  and  washed  again,  so  as  to  re- 
move all  impurities ;  if  the  amount  of  useful  ore  does  not  pay 
for  this  labor,  the  sediment  is  thrown  away. 

Another  mode  of  crude  washing  is  performed  on  ores  which 
are  muddy,  and  which  come  from  a  mine  in  which  water  and  mud 
are  in  contact  with  them.  The  ore  is  in  this  case  carried  to  a 
stream  and  thrown  into  a  large  flat  box,  which  is  supplied  with 
a  constant  current  of  fresh  water.  The  mass  is  stirred  with 
rakes,  scrapers,  or  shovels,  and  when  thus  purified  it  is  carried 
to  the  yard  for  separation  and  roasting.  This  method  is  cheaper 
than  the  above  by  means  of  sieves,  still  not  so  economical  and 
perfect  as  the  following. 

A  long  wooden  trough,  represented  in  fig.  119,  is  located  so 
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as  to  have  an  abundant  supply  of  water  at  one  end,  from  a  river 
or  basin,  which  burnishes  more  or  less  water  as  may  be  desired. 
The  trough  is  in  most  cases  at  least  60  feet  long,  in  others  100 


Fio.  119. 


feet,  and  if  the  ores  are  covered  by  a  tough  clay,  it  should  be 
200  and  more  feet  in  length.  The  width  of  the  channel  in  the 
bottom  is  from  10  to  12  inches,  and  the  sides  6  or  8  inches 
high.  It  may  be  made  of  rough  pine  boards.  The  trough  is  so 
located  that  a  current  of  water  let  in  at  one  end  of  it  moves 
down  to  the  other;  this  end,  therefore,  must  be  lower  than 
the  other.  The  difference  in  the  level  is  in  some  measure  decid- 
ed by  the  kind  of  mineral  which  is  to  be  washed.  Minerals  are 
of  different  specific  gravity,  and  their  separation  must  always 
depend  on  the  difference  of  time  which  they  require  for  subsid- 
ing in  a  fluid.  The  trough  must  be  so  arranged  that  it  can  be 
lowered  or  raised  on  its  supports,  so  as  to  give  it  more  or  less  de- 
scent, particularly  at  the  lower  or  discharging  end.  A  certain 
velocity  of  water  is  required  to  move  a  certain  kind  of  solid 
matter,  and  if  we  reflect  on  this  property  of  water  in  motion,  and 
employ  it  properly,  we  may  separate  any  kinds  of  mineral  from 
each  other,  which  have  different  specific  gravities.  Common  day, 
or  loam,  requires  about  three  inches  of  motion  per  second  to  float 
it  in  water;  fat  clay,  about  twice  as  much,  or  six  inches;  fine 
sand,  one  foot  per  second;  gravel,  two  feet;  broken  stones,  four 
feet;  slate,  four  and  five  tenths  feet;  pieces  of  hard  rock,  such  as 
granite,  gneiss,  trap,  and  feldspar,  from  five  to  ten  feet  per  second. 
All  these  substances  are  lighter  than  metallic  ores,  and  it  is  not 
difficult  to  find  the  inclination  of  the  trough  for  these  various 
kinds  of  matter.  The  head  of  the  trough  ought  to  have  at  least 
so  much  descent  as  to  move  all  the  ore  and  rock  rapidly  to  a 
certain  distance,  at  which  those  portions  nearest  the  bottom  may 
be  discharged.  This  distance  most  be  long  in  case  much  clay  is 
mixed  with  the  ores ;  it  may  be  shorter  where  debris  of  rock  is 
to  be  removed.    In  all  instances,  so  much  water  must  be  led  into 
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Ae  trough  as  to  coirer  all  the  ore,  so  as  to  submerge  it  properly;- 
a&d  should  it  be  desirable  to  use  less  water  because  of  its  scardt  j^. 
the  trough"  may  be  made  narrower,  or  the  fall  close  to  the  first 
discharge- valve  may  be  made  less,  so  as  to  form  a  pool,  nmning 
with  a  certain  amount  of  velocity  over  the  first  aperture.  The 
leading  principle  in  this  mode  of  washing  ore,  is  to  liberate  clay 
and  rocky  matter  fi"om  it  by  the  rapid  motion  of  the  water  at 
the  charging  place;  the  ore  in  rolling  down  the  trough  is  rub- 
bing loose  the  loam  and  sand,  which  is  carried  off  by  the 
water.  The  velocity  required  for  this  may  be  great ;  it  must  be 
sufficient  to  move  all  the  impurities,  and  the  ore  also.  When 
the  ore  has  thus  been  moved  so  &r  as  to  be  firee  ftom  dirt,  it  is 
discharged  fix)m  the  trough  by  a  trap- valve  in  the  bottom,  and 
forms  a  pile  beneath,  mixed  with  some  impurities.  From  this 
first  discharge-valve  a  portion  of  rocky  matter,  clay,  and  earth,  is 
deposited  with  the  heavy  ore ;  these  matters  axe  deposited  around 
the  heap,  and  the  heavy  ore  in  the  centre.  In  case  the  ore  is 
not  found  pure  enough  it  may  be  washed  a  second  time.  In  the 
whole  length  of  the  trough  there  are  generally  two  or  more  dis- 
charge places.  Before  the  muddy  water  arrives  at  the  end  of  it' 
all  the  heavy  particles  have  been  passed  through  these  and  de-' 
posited.  The  trap- valves  are  so  regulated  that  the  aperture  may 
be  made  smaller  or  larger,  as  the  size  of  the  ore  and  its  gravily 
may  require.  By  varying  the  openings  of  these  different  valves, 
which  must  be  made  of  thin  sheet-iron,  so  as  to  discharge  fine 
ore  first,  then  the  coarser,  and  the  coarsest  at  the  last,  we  may 
obtain  an  assortment  of  ore  highly  useful.  Some  of  the  impu- 
rities will  be  always  mixed  with  the  ore,  but  in  discharging  the 
fine  firom  the  bottom  and  moving  the  coarse  onward,  the  light 
particles  of  rock  are  most  of  them  brought  to  the  end  of  the 
trough  and  here  easily  discharged. 

This  apparatus  is  certainly  the  most  useful  washing-machine; 
it  serves  equally  well  for  iron  ore,  or  for  gold,  silver,  and  lead 
ores,  for  alluvial  ore,  and  for  stamp  work.  If  the  ore  afler  the  first 
washing  is  not  sufficiently  pure,  it  may  be  washed  a  second  time 
in  a  similar  trough  and  with  fresh  water ;  but  this  is  hardly  re- 
quired when  the  first  operation  has  been  well  perfonfted. 

Another  method  of  separating  ore  fi-om  rocky  matter,  is  used 
in  England  and  other  parts  of  Europe,  but  not  in  this  country ; 
it  is  that  of  the  tossing-tub.  The  ore,  either  pounded  or  not^  as 
the  case  may  be,  is  thrown  into  a  tub  with  water ;  and  in  case  it 


GEKERAli  llETALLURGICAI,  OPEBATIONS.  267 

is  muddy,  it  must  be  frequently  stirred  so  as  to  preTent  auy  sedi- 
ment before  the  impurities  are  properly  loosened  from  it.  When 
the  tub  is  thus  ready  for  settling,  the  workman  strikes  the  sides 
of  it  with  a  mallet  for  8  or  10  minutes,  to  hasten  the  descent  of 
the  particles ;  and  then  he  taps  off  the  water  by  removing  plugs 
at  certain  successive  heights,  or  discharges  the  water  by  means  of 
a  syphon,  or  inclines  the  tub  and  removes  the  mud  and  water 
from  the  top.  In  this  tub  the  ore  and  rock  settle  in  distinct 
strata,  aa  shown  in  fig.  120.    The  best  mode  of  removing  the  im- 


purities is  by  means  of  a  syphon,  which  may  be  an  inch  pipe  of  tin 
plate,  or  copper,  or  lead,  bent  in  a  semicircular  form ;  by  moving 
it  more  or  less  over  the  edge  of  the  tub,  we  may  tap  any  of  the 
upper  strata  from  those  below ;  which  operation  cannot  so  well 
succeed  in  drawing  a  plug,  or  inclining  the  tub.  This  mode  of 
washing  ore  is  expensive,  but  it  may  be  made  very  useful  in  par- 
ticular cases,  namely,  where  the  mineral  contents  are  scarce  and 
small,  and  a  large  body  of  foreign  matter  must  be  removed  in 
order  to  obtain  them.  If  we  impart  to  this  tub  a  rotary  motion 
while  the  water  is  flowing  in,  the  washing  of  the  ore  is  performed 
by  the  motion,  and  the  mere  holding  of  a  fixed  rod  in  the  fluid 
mass  will  perform  the  washing  operation.  When  the  ore  is 
thus  well  agitated  and  the  tub  set  to  rest,  its  contents  will  settle 
in  the  order  of  their  specific  gravity  and  size ;  the  top  or  hght 
strata  are  easily  removed  by  tapping  them  oS  by  a  syphon,  which 
may  be  sunk  so  deep  as  to  remove  all  such  matter  as  contains  no 
valuable  mineral.  To  each  operation  of  this  kind,  an  addition  of 
fresh  ore  may  be  made,  and  the  sand  and  earthy  matter  removed 
by  renewed  washings  until  the  stratum  of  ore  at  die  bottom  rises 
to  such  a  height  that  a  further  addition  of  ore  is  unsafe.  Fresh 
water  only  is  now  used  for  washing ;  and  the  alternate  washings, 
settlings,  and  tappings,  are  continued  until  the  ore  is  entirely 
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liberated  from  foreign  matter,  or  so  far  at  least  as  the  smeltix^ 
or  other  operations  require  it  to  be. 

Washing  by  Machines. — To  economize  labor  is  the  first  consid- 
eration in  erecting  washing-machines^  for  cleaning  poor  ores  and 
sweepings  of  the  mine  and  the  yard.  This  alludes  more  partica- 
larly  to  this  country,  than  to  Europe  or  any  other  parts  of  the  world ; 
for  this  reason  we  cannot  use  apparatus  which  require  much  hu- 
man  labor,  or,  we  must  abandon  all  working  of  poor  orea  The 
above-mentioned  long  trough,  fig.  121,  has  obtained  the  prefer- 
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ence  already,  and  is  used  extensively  for  washing  iron  ores,  allu- 
vial gold  ores,  and  we  hope  it  may  be  introduced  by  the  lead 
and  copper  mining  establisliments.    In  fig.  122,  we  fiimish  a 
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drawing  of  a  rack-table  used  in  European  smelt-works,  not  for 
imitation,  but  merely  to  show  the  principle  on  which  such  opera- 
tions are  performed  there.  A  wooden  table  A,  about  six,  and 
from  that  to  nine  feet  in  length  and  two  feet  in  width,  is  elevated 
two  and  a  half  feet  above  the  floor  of  the  mill,  and  suspended  on 
two  swivels,  one  at  each  end ;  its  surface  is  inclined  about  five 
inches.  The  room  below  it  is  divided  into  various  compart- 
ments— generally  into  three.  On  the  slope  B,  a  shovel  ftdl  of 
ore  is  thrown  and  stirred  by  a  small  rake ;  meantime  water  is 
led  upon  it  in  a  broad  and  gentle  current.  The  ore  is  thus 
washed  and  the  light  particles  float  down  the  sloping  table  to  the 
&rthest  and  lowest  end,  at  which  they  are  discharged  through  a 


GENERAL  METALLURGICAL  OPERATIONS.  259 

-fllit  or  over  a  projecting-rib,  into  the  last  compartment  below. 
The  ore  thus  rolling  down  the  table,  is  arrested  by  the  jfriction 
on  it ;  the  heaviest  particles  settle,  j&rst  and  are  the  highest  on 
the  table.  When  a  certain  quantity  of  ore  is  thus  deposited  on 
it,  any  further  addition  ceases ;  a  small  board,  hinged  to  the  feed- 
ing-slope, B,  is  turned  over,  and  the  table  thus  set  free  to  swing 
around  in  its  swivels.  The  laborer  turns  now  the  table  upside 
down  and  discharges  the  ore  which  is  on  it,  in  the  compartments 
below,  by  which  it  is  divided  into  various  qualities,  according  to 
its  position  on  the  table.  The  coarse  and  heavy  ore  having  been 
near  the  highest  part  of  the  table,  is  also  found  below  in  the  same 
position.  In  the  last  chamber,  C,  mud  and  a  little  ore  is  found ; 
and  in  case  it  will  pay  for  washing,  it  is  again  washed.  The 
second  chamber,  0\  contains  impure  ore,  which  is  washed  over 
again.  C*,  contains  generally  good  ore,  which  is  removed  to  the 
furnaces ;  likewise  the  ore  gathered  in  C*.  The  length  and  slope 
of  the  table  varies  according  to  the  nature  of  the  ore ;  if  it  is  light 
or  fine,  the  slope  is  less  and  its  length  greater. 

Crashing^ — Before  ores  are  brought  to  the  smelting-fumaces, 
or  exposed  to  the  roasting  process,  they  are  generally  converted 
into  pieces  of  uniform  size,  or  reduced  to  a  fine  powder.  Iron 
ores  are  generally  broken  by  men  with  hand-hammers,  to  a  uni- 
form size.  The  form  of  such  a  hammer  is  of  some  importance  to 
the  success  of  the  operation.    The  one  represented  in  fig.  123,  of 
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which  both  ends  are  pointed  or  egg-shaped,  is  the  most  common. 
These  hammers  are  provided  with  a  thin  handle,  so  as  to  be 
elastic  and  break  the  reaction  of  the  blow.  A  hickory  handle, 
thinned  towards  the  hammer,  is  the  best.  This  hammer  may  be 
of  three  or  four  pounds'  weight  and  provided  with  a  long  handle, 
to  be  used  in  a  standing  position ;  or  it  may  be  small,  of  one  ot 
two  pounds'  weight,  to  be  used  in  a  sitting  posture.  In  aU 
cases  the  handle  is  elastic,  so  as  to  form  a  spring.  When  ore  has 
been  roasted  in  lumps,  and  is  to  be  broken  aftet  roasting,  the 
hammer  has  a  somewhat  different  form.  One  end  of  it  is  sharp- 
pointed  and  long,  so  as  to  pierce  the  ore  and  crack  it^  without' 
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fijiming  much  dust  or  fine  ore ;  the  other  end  is  blunt,  for  break- 
ing hard  lumps,  which  resist  the  effect  of  the  point.     Fig,  124, 


t 


shows  a  aammer  of  this  kind.    Both  ends  must  be  steeled  aad 
hardened. 

Rollers. — These  machines  are  not  so  much  used  as  they  ought 
to  be,  particularly  for  some  kinds  of  ore.  Rollers  do  not  work 
on  fine  ores,  but  where  coarse  lumps  are  used,  or  ore  for  roasting  is 
required,  these  machines  do  a  great  deal  of  service.  For  breaking 
iron,  copper,  silver,  lead,  and  tin  ores,  rollers  form  useful  crush- 
ing machines.     In  fig.  125,  a  crushing  apparatus  consisting  of  two 


pairs  of  rollers  is  represented ;  it  is  not  necessary  that  all  machines 
of  this  kind  should  consist  of  two  pairs  of  rollers ;  one  pair  is  in 
most  cases  sufficient  for  doing  a  large  amount  of  work,  particularly 
where  the  ore  used  is  coarse.  The  ore  is  in  this  instance  hauled 
by  the  steam  engine,  or  the  water  wheel,  on  an  inclined  plane 
directiy  from  the  mine,  in  case  it  is  sufficiently  pure  to  admit  of 
orushing;  or  if  it  is  taken  from  the  yard,  either  fixim  the  cleans- 
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ing  house,  or  fix)m  the  roafit-heaps,  or  the  roast-ovens,  the  car 
with  its  contents  of  ore  is  hauled  over  the  upper  hopper,  and  at 
once  emptied  into  it ;  thence  it  runs  through  the  upper  rollers  into 
a  long  sieve,  which  is  set  in  a  rapid  shaking  motion  by  means  of 
a  crank  and  the  steam  engine.  From  this  sieve  the  ore  may  pass 
into  a  second  hopper,  and  through  a  second  pair  of  rollers,  as  is 
shown  in  the  engraving. 

The  first  hopper  must  be  of  sufficient  capacity  to  take  a  car- 
load at  once,  which  consists  of  from  ten  to  twelve  bushels.  The 
descent  of  the  ore  is  regulated  by  a  sliding  gate  in  the  hopper ; 
it  is  necessary  that  the  coarsest  pieces  should  be  able  to  pass  the 
aperture  thus  formed.  The  rollers  which  receive  the  ore  fix)m 
the  first  hopper  may  be  dose  together;  in  fact,  the  distance  be- 
tween them  is  regulated  by  the  biting  of  the  rollers  and  the  size 
of  the  ore  which  is  to  be  formed.  In  most  cases,  any  size  of 
lumps  or  of  pieces  will  answer  the  purpose  of  smelting.  For 
iron  ore,  galena,  and  in  some  other  instances,  it  is  more  the 
uniformity  of  the  size  of  the  pieces  which  is  required  than  their 
smallness.  The  distance  between  the  fijst  or  the  second  pair  of 
rollers  is  regulated  so  that  they  may  catch  the  pieces ;  and  as 
rollers  of  small  diameter  do  not  bite  so  well  as  those  of  a  large 
diameter,  the  first  pair  of  rollers  are  the  largest  in  a  machine. 
The  first  pair  of  rollers  are  generally  fi-om  eighteen  to  twenty 
inches  in  diameter,  the  second  pair  from  fifteen  to  seventeen 
inches;  their  length  is  about  sixteen  inches.  These  rollers 
are  provided  with  strong  gudgeons  of  ten  to. twelve  inches  in 
diameter,  with  a  square  coupling  at  each  end,  similar  to  that  on 
rollers  in  iron  works.  The  manufacture  or  casting  of  these  rol- 
lers requires  some  attention,  that  the  operation  of  crushing  may 
succeed  weU.  Some  kinds  of  ore  are  exceedingly  hard,  such  as 
pyrites  and  carbonates  of  iron,  spar,  and  oxide  of  tin,  also  oxide 
and  magnetic  iron  ore.  No  kind  of  cast-iron,  or  even  hardened 
steel,  will  resist  the  carving  action  of  such  ore,  and  the  softer  and 
more  porous  the  iron,  the  more  it  will  be  injured.  These  rollers 
must  consist  of  a  fine-grained,  hard  charcoal,  or  anthracite  cast-iron. 
They  are  cast  in  chills,  and  in  fact  treated  like  hard  rollers  for  iron 
mills.  The  strength  of  the  iron  is  a  secondary  consideration  in 
these  rollers,  for  they  are  hardly  ever  broken  by  pressure.  Cold- 
short, close,  compact  white,  or  No.  2  iron,  which  contains  phos- 
phorus, arsenic,  sulphur,  and  similar  substances,  is  suitable  for 
this  purpose.    These  rollers  make  from  ten  to  fift;een  revolutions 
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per  minute,  according  to  the  quality  of  ore;  soft  ore  maj  be 
worked  faster  than  hard  ore,  and  ore  which  is  not  to  be  crushed 
very  fine  is  run  rapidly  through  the  rollers.  At  this  rate,  one 
pair  of  rollers  may  grind  twenty-five  tons  of  hard  ore  in  a  day; 
and  a  pair  of  good  rollers  will  serve  on  pyriteous  ore  firom  four 
to  five  weeks.  A  new  pair  of  rollers  will,  therefore,  grind  about 
800  tons  of  ore ;  they  are,  by  this  time,  reduced  so  &r  in  size  bb 
to  be  suitable  for  the  second  set  of  rollers,  in  case  the  hard  or 
chilled  part  of  the  iron  penetrates  deep  enough  to  admit  of  their 
further  use.  These  rollers  would  be  expensive,  if  it  was  neces* 
sary  that  they  should  be  turned  exactly  true,  but  this  is  not  the 
case ;  the  rollers  are  used  as  they  come  fix)m  the  mould  of  the 
founder;  the  gudgeons,  which  are  comparatively  soft,  are  only 
turned.  The  crushing  of  hard  ore  is  expensive  with  rollers ;  and 
as  all  ores,  and  most  of  the  other  minerals,  are  softened  by  being 
exposed  to  a  gentle  red  heat,  it  may  be  found  advantageous  to 
roast  the  ores  previous  to  their  being  crushed,  particularly  where 
ftiel  is  cheap. 

The  sieves,  belonging  to  this  crushing  machine  are  square 
firames  covered  with  iron  rods,  which  are  one  fourth  of  an 
inch  round ;  they  are  from  j  to  y'y  of  an  inch  apart,  accord- 
ing to  the  size  required ;  and  if  the  ore  is  to  be  fine,  a  coarse 
riddle  of  J  inch  spaces  is  covered  by  wire  gauze,  the  meshes 
having  the  desired  size.  All  the  sieves  in  a  machine  are 
of  the  same  sort,  so  that  ore  which  once  passed  the  rollers  is  not 
subjected  a  second  time  to  the  operation.  The  coarse  ore,  which 
passes  over  the  last  or  lowest  sieve,  is  returned  in  cars  to  the  first 
hopper,  and  crushed  over  again,  after  a  certain  quantity  of  coarse 
ore  is  passed  through  the  machine.  The  sieves  are  set  in  a 
rocking  motion  by  a  crank.  They  are  a  little  inclined,  and  the 
motion  is  so  regulated  that  the  return  of  the  sieve  is  quick,  and  it 
strikes  against  a  hard,  fixed  substance,  which  causes  a  concussion 
and  throws  the  ore  forward  to  the  discharge. 

In  some  of  these  machines  more  than  one  or  two  pairs  of  rol- 
lers are  used.  One  roller  of  a  pair  is  often  movable,  and  held  to 
the  other  by  means  of  a  lever  and  weight  This  arrangement 
provides  against  accidents ;  for,  if  a  hard  piece  of  ore  gets  be- 
tween these  rollers,  it  possibly  may  break  one  of  them  if  they 
are  immovable,  otherwise  they  may  recede  and  pass  the  hard 
piece  without  causing  injury  to  the  rollers. 

Stamping. — Crushing  by  rollers  is  not  applicable  in  most 
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where  Iiiurd  ores  are  to  be  reduced  in  size.  Quartz,  limestone, 
tpar,  hard  gangae,  compact  pyrites,  Qompact  ma^etic  iron  ore, 
slags  from  the  furnaces,  fluxes,  day  and  aandstoae,  caouot  be 
crashed  advanti^;eousIy  by  means  of  rollers — stamps  or  hammers 
are  employed  for  this  purpoae.  This  operatioa  may  be  divided 
into  two  classes,  dry  stamping  and  wet  stamping;  the  first  is 
generally  employed  to  make  ttie  coarse  fragments  suitable  for 
the  next,  or  wet  stamping.  It  is  also  used  for  the  breaking  of 
stones  or  fluxes,  and  the  reduction  of  large  lumps  of  ore. 

A  stamping  mill  with  one  stamper,  qualified  for  breaking  dry 
ore^  is  represented  in  fig.  126.  A  solid  framework  of  iron  at 
wood    is    erected,    sufficiently  na  ■«. 

strong  to  resist  heavy  concos- 
sions,  for  which  purpose  wood  ia 
better  than  iron.  To  this  frame 
«  wooden  stamper.  A,  twelve 
feet  in  length  and  eight  inches 
square,  consisting  of  hard  oak 
wood,  ia  so  appended  as  to  ad- 
mit of  its  being  moved  freely 
up  and  down.  A  revolving 
«haft,  B,  provided  with  two  or 
tiiree  eccentric  cams,  or  lifters, 
the  latter  of  cast-iron,  ia  put  in 
such  a  position  as  to  cause  the 
stamper,  A,  to  be  lifted  snoces- 
«ively  by  the  cams.  The  latter 
may  cither  work  in  a  slit  of  the 
stamper,  as  shown  in  the  engrav- 
ing, or  may  lift  it  by  means  of  a 
lif^ng-bar,  as  will  be  described 
hereafter.  The  stamper,  A,  may  also  be  of  cast-iron,  but  this  kind 
are  liable  frequently  to  break  in  consequence  of  their  jarring 
motion,  and  side  motion  of  the  stamper-head.  At  the  lower  end 
of  the  stamper  a  lump  of  hard  and  chilled  cast-iron  is  inserted, 
called  the  stampei^head ;  this  must  be  of  close-grained  iron,  ex- 
tremely hard  and  strong ;  a  tail  of  wrought-iron,  which  is  cast  in 
the  head,  holds  it  to  the  stamper.  The  head  may  be  of  200  or 
800  weight ;  and  aa  the  wood  is  nearly  400  weight,  this  makes 
the  whole  pestle  weigh  700  pounds.  The  head,  which  is  some 
what  convex  on  its  lower  or  working  part,  Mrikes  on  a  oonoave 
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iron  anvil ;  this  is  a  cast-iron  block,  chilled,  and  equally  as  hiid 
as  the  stamper-head.  The  anvil  is  firmly  set  on  the  butt  of  an 
anvil-log,  C,  which  penetrates  some  depth  into  the  earth,  and  is 
firmly  secured  in  its  place  by  means  of  iron  bands.  The  anvil  is 
elevated  above  ground  about  two  feet,  and  surroimded  on  all 
sides,  or  only  on  one  side,  by  a  screen,  D,  made  of  wire  gauze,  or 
wire  rods ;  this  screen  serves  as  a  sieve  for  the  fine  pieces  which 
come  down  fix)m  the  anvil ;  the  coarse  pieces  whidi  run  down 
the  slope  are  taken  up  by  means  of  a  shovel,  and  once  more 
brought  under  the  action  of  the  stamper.  The  fine  ore  fix)m 
imder  the  sieve  is  either  brought  to  the  roast  oven,  the  waah  ma- 
chine, or  the  furnace,  as  the  case  may  be.  The  ore,  or  Tock, 
which  is  put  on  the  anvil,  is  liable  to  fly,  and  a  large  part  of  it 
will  fall  down  before  it  is  crushed,  unless  a  screen,  E,  made  of  a 
strong  bar  of  wrought-iron,  is  bent  around  the  anvil,  leaving  a 
space  between  it  and  the  latter  for  the  passage  of  the  ore  fig- 
ments of  a  certain  size.  It  is  not  necessary  to  extend  the  apron 
or  sieve  entirely  around  the  anvil ;  one  side  is  in  most  cases  safBi- 
cient  for  working  off  all  the  ore  which  is  pounded.  The  anvil 
may  discharge  on  all  sides,  but  a  screen  conducts  the  ore  to  the 
apron  so  as  to  prevent  its  flying  about  the  place. 

The  feeding  of  this  stamping-machine  requires  close  attention, 
as  it  works  rapidly,  and  the  blow  of  the  iron-stamper  upon  the 
naked  anvil  must  be  prevented  by  all  means ;  the  attention  of 
the  man  who  feeds  the  machine  is  therefore  closely  engaged 
while  it  is  in  operation.  A  layer  of  half  an  inch,  and  from  that 
to  one  inch  of  ore,  should  be  always  on  the  anvil ;  and  if  more, 
it  merely  occasions  the  machine  to  work  slower.  A  feeding  ap- 
paratus cannot  well  be  appended  without  much  labor;  when 
properly  constructed,  however,  a  feeding  hopper  may  be  applied, 
but  not  without  difficulty.  We  shall  speak  of  this  presently. 
When  it  is  necessary,  more  than  one  stamper  may  be  used  in  this 
machine ;  but,  as  the  minerals  are  pounded  only  coarsely,  one 
pestle  will  do  a  great  deal  of  work.  In  consequence  of  the  diffi- 
culty in  feeding  this  machine,  the  stamper  cannot  make  more, 
than  fifteen  or  twenty  strokes  per  minute ;  and  if  the  fragments 
are  to  be  only  of  a  quarter  of  an  inch  in  size  or  more,  one  stamper 
will  crush  a  ton  of  ore  per  hour.  This  applies  to  ore  which  is 
easily  broken,  not  to  limestone  or  compact  ore. 

When  minerals  are  merely  to  be  pounded  coarsely,  such  as 
limestone  and  other  fluxes,  or  even  hard  iron  ore,  either  for  roasts 
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iog  or  direct  use,  ^s  stamping  mill  is  not  calculated  to  do  that 
irork  cheaply.  Itt  these  instances,  the  mineral  is  generally  broken 
with  hand-hammers.  That  operation  is  expensive,  particularly  for 
dry  limestone  or  hard  ore,  and  we  propose  the  following  machine 
for  that  purpose.  It  has  been,  and  is,  in  use  to  some  extent,  but 
not  so  widely  as  it  deserves  to  be.     In  fig.  127,  a  crushing  ma- 


chine s  si  n  h  ch  rt.semble3  very  much  a  common  tilt-ham 
mer.  The  hammer,  A,  a  cast-iron  block  chilled  at  the  lower  end, 
works  on  a  cast-iron  anvil,  which  is  a  little  elevated  above  the 
ground.  This  hammer  is  liited  by  a  horizontal  shaft  at  the  short 
end  of  the  helve,  and  may  make  irom  20  to  30  strokes  per  min> 
nt«.  Its  weight  is  from  400  to  600  pounds,  and  it  has  a  lift  of 
from  20  to  24  inches.  Around  the  anvil  a  pOe  of  ore,  or  lime- 
stone, or  whatever  it  may  be,  is  kept  constantly,  so  that  pieces  are 
prevented  from  flying  far,  and  return  to  the  anvil  by  their  own 
gravity.  Two  men  are  constantly  required  to  attend  to  this  ma- 
chine ;  one  feeds  from  some  heap,  and  the  other  draws,  by  means 
of  an  iron  rake,  those  pieces  from  the  uivil  which  are  of  the  soit- 
able  nze.  A  layer  of  fine  ore  is  always  allowed  to  remain  on 
the  anvil.  This  machine  can  do  a  great  deal  of  work  if  well  at- 
tended to,  and  as  the  breaking  of  limestone  and  iron  ore  is  an 
object  of  considerable  expense  in  the  fiimace  yard  of  iron  works, 
this  machine  may  be  extremely  useful  in  such  cases.  For  each  kind 
of  ore,  an  well  as  for  limestone,  an  independent  machine  must  be 
erected,  because  the  transport  of  minerals  is  an  object  to  be  taken 
into  consideration  here. 

ifith. — Fire-clay,  some  kinds  of  ore,  and  particularly  gold 
ores,  are  ground  under  mill-stones ;  the  machine  used  is  known 
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under  the  term  ChiliaD-mell  in  the  gold  regions.  In  fig,  128,  t 
mill  of  this  kind  is  represented.  A  mill-stone,  A,b  lud  flat  on 
the  ground  and  well  secored  in  its  place,  in  the  centre  of  this  ia 


fiistened  a  step  for  the  shaft,  B.  To  the  revolving  upright  ahait^ 
B,  one  or  two  grindstones,  C  C,  are  appended,  which  revolve. 
about  their  axis,  and  io  the  mean  time  round  with  the  ahaA,  B; 
This  machine  is  commonly  driven  by  horses,  as  a  common: 
horse-whim,  as  represented  in  the  engraving.  At  other  times 
it  ia  provided  with  gearing  so  aa  to  move  faster  than  the  motion; 
of  the  horses  wonld  permit.  The  runners,  or  stones,  C  C,  are 
in  many  instances  provided  with  cast-iron  rings,  chilled ;  the 
bottom-stone  is  also  provided  with  a  cast-iron  round  plate,  which 
forms  the  bed  for  the  runners.  The  bed-stone,  or  bed-plat«,  is 
generally  provided  with  a  rim  or  rib  to  prevent  the  ore  irom  Tun- 
ning off  the  bed-plate.  By  means  of  these  mills,  which  are  also 
driven  by  water-wheela,  or  steam  engines,  an  exceedingly  fine' 
powder  may  be  formed  of  any  kind  of  mineral,  particularly  when 
it  is  ground  wet.  Quite  a  variety  of  such  mills  are  in  operation, 
and  we  shall  allude  to  them  in  subsequent  parts  of  this  book, 
particularly  in  the  chapter  on  gold. 

For  grinding  very  finely  such  substances  as  smalt  or  cobalt- 
blue,  this  mill  with  head-stones  does  not  answer,  and  a  mill  like 
that  shown  in  fig.  129  is  used.  This  mill  is  of  the  form  of  a  com- 
mon grist-mill,  the  bottom-stone  being  placed  in  a  wooden  vat, 
which  serves  at  the  same  time  for  the  step  of  the  shaft  which  drives 
the  runner.  The  latter  consists  of  two  halves,  or  half  circles,  aa 
shown  in  fig.  ISO,  lashed  bother  so  as  to  be  movable  each  by  it- 
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Self,  liut  still  fonning  a  oircle  aioand  the  shaft.    The  Bpaoe 
between  the  two  halves  of  the  ronuer  serves  to  attract  the  coarse 


particles  which  may  escape  grmdiug,  by  scraping  them  from  the 
gides  of  the  vat.  When  a  certain  quantity  of  glass  or  other  sub- 
stance is  thus  ground  sufBcieatly  fine,  it  is  tapped  off  by  drawing 
a  plug  in  the  side  of  the  mill. 

This  apparatus  may  be  considerably  improved  by  modifying 
wme  parts  of  it.  If  we  make  the  runner  in  one  piece,  and  pro- 
vide it  with  a  large  central  space,  and  arrange  it  in  fact  as  a 
common  grist-mill,  with  the  exception  that  the  driving  shaft 
does  not  pass  through  the  bed-stone,  and  in  addition  drive  the 
mill  with  a  considerable  velocity,  the  fluid,  water,  and  mineral, 
usunws  a  concave  form  on  its  surface.  It  is  driven  higher  at 
liis  periphery  of  the  mill  than  near  the  centre,  and  the  soUd 
matter  as  well  as  the  fluid  circulates  from  the  periphery  to  the 
centre  above  the  runner,  and  from  the  centre  to  the  periphery  be- 
low the  runner.  The  mill  thus  modified  grinds  rapidly,  and  is 
wefol  for  a  variety  of  purposes,  as  we  shall  see  hereafter. 

Another  apparatus  for  converting  mineral  substances  into 
small  particles,  is  the  revolving  cylinder.  A  cast-iron  barrel,  fig. 
131,  of  2  to  3  feet  in  diameter,  and  from  1  to  5  feet  in  length,  ac- 
cording to  circumstances,  revolves  about  its  axis.  It  is  provided 
with  a  series  of  cast-iron  balls,  or  short  cylinders,  of  from  30  to 
80  pounds  weight  each.  The  balls  will  crush  any  substance  by 
their  motion,  but  their  action  is  very  slow.  The  substance  to  be 
gnnind  is  charged  through  a  door  in  the  periphery,  which  is 
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soreved  tightly  to  tlie  cylinder.  These  mills  are  not  eery  e^ 
dentf  but  are  neceasary  in  some  instances,  namely,  when  poispnoui 
material  is  to  be  ground  dry,  such  as  arsenic ;  or  for  pulverizing 
charcoal,  or  other  matter,  of  Which  the  flying  dust  is  ei^er  poison- 
ous or  a  nuisance. 

Wet  Stamping. — Valuable  ores,  which  may  suffer  &om  being 
used  impure  in  the  subsequent  operations  of  smelting  or  amalga- 
mation, are  crushed  wet,  in  order  to  liberate  them  from  rociy 
matter,  and  so  concentrate  the  contents  in  valuable  minerala. 
The  machines  used  for  this  purpose  are,  in  some  instances,  not 
made  to  wash  the  ore  at  the  same  time  when  it  is  pounded,  bat 
merely  serve  to  crush  the  ore ;  this  is  the  case  when  selected  or 
picked  ores  and  minerals  are  pounded  which  need  no  washing. 
In  flg.  132,  is  shown  a  front  view  of  a  stamping-mill,  with  twenty 


stamps,  driven  by  a  water-wheel.  A,  which  is  directly  &stened  to 
the  stamper-shaft.  The  vertical  pestles,  B  B  B,  &c.,  are  supported 
by  a  substantial  framework  of  strong  timbers ;  they  are,  according 
to  their  use,  of  various  sizes ;  soft  minerals  require  less  weight  than 
bard  and  tenacious  minerals.     The  axle. or  stamper-shaft,  which 
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18  geserallj  made  of  a  Bound  stick  of  timber,  tosses  up  or  lifts  the 
pestles  by  means  of  cams  or  wipers,  wMcli  are  distinctly  shown  in 
fig.  133,  and  when  elevated  to  a  certain  height  drop  them  sudden- 
ly; the  force  of  gravity  is  the  power  by  which  the  Rimeral& 
ore  crushed.    The  lower  end  of  the  stamper  is  provided  with 


a  cast^Fon  footpiece  called  a  stamper-bead ;  this  is  cast  oi  fine 
grained  hard  irou,  and  chilled  in  cast-iron  chills.  Beneath  the 
pestles  ia  a  trough  of  strong  timber,  into  which  the  mineral  is 
thrown,  and  into  which  the  stampera  drop.  That  trough  is 
provided  with  either  a  cast-iron  bottom,  or  a  stone  slab,  or  a  bot- 
tomof  crushed  hard  rock,  or  of  the  ore  which  is  being  poonded. 
Frequently  these  troughs  are  provided  with  cast-iron  mde-plates 
whidi  protect  the  wood,  and  prevent  the  flying  of  the  mineral. 
In  iTome  mills  three,  in  othera  four  or  five,  and  even  as  many  as 
mx  stampera  form  one  battery,  that  is,  have  a  trough  for  them- 
Belves.  Each  battery  is  provided  at  one  aide,  or  two  opposite 
rides  of  tbe  square  trough  with  a  vertical  sieve,  D,  through  which 
Ute  grains  of  minerals  pass,  when  reduced  to  the  size  required 
\>j  the  holea  of  the  sieve.    This  sieve  may  be  either  a  sbeeMron 
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plate,  or  a  plate  of  copper  or  brass;  it  may  be  made  of  iron  oc 
brass  wire,  it  is  immaterial  which,  provided  the  holes  are  so  ar- 
ranged that  the  grains  of  mineral  do  not  stop  the  passage  of  water 
^d  fine  sand.  :  .* 

In  fig.  183  a  side  eleyation,  and  partly  a  section  of  the 
stamping  machine  is  ftimished.  We  see  here  the  water-wheel,  A, 
also  the  frame  in  which  rests  one  end  of  the  stamper-shaft,  a  seo- 
tion  of  the  stamper-shaft,  C,  with  its  wipers,  the  pestle,  B,  and 
the  position  of  the  sieves,  D.  The  wooden  pestle  is  provided  at 
its  lower  end  with  some  iron  hoops  to  prevent  its  splitting,  from 
the  force  exercised  by  the  shank  or  tail  of  the  stamper-head. 
The  trough,  E,  is  for  feeding  the  machine  with  ore,  which  is  here 
supplied  by  a  man  with  a  shoveL  In  other  cases  the  feeding  is 
eflfected  by  a  self-feeding  hopper,  of  which  we  shall  speak  here- 
after,  , 

Number  of  Wipers. — The  wipers  in  the  stamper-shaft  are  so 
distributed  that  an  equal  nimiber  of  stroke  is  made  in  equal 
times ;  that  is,  that  all  the  stampers  of  a  mill  are  in  a  succes^ve 
motion.  The  stamper-shaft  is  best  made  of  wood;  iron  shafts 
are  too  rigid,  and  occasion  the  expense  of  much  repair  in  the 
machine.  The  diameter  of  the  shaft  can  never  be  too  large.  A 
diameter  of  three  feet  is  not  an  uncommon  size,  and  certainly  not 
too  large*;  the  larger  the  diameter  the  shorter  may  be  the  wipers, 
or  if  the  diameter  is  small  the  wipers  must  be  long,  in  order  to 
prevent  unnecessary  friction.  In  all  cases  a  large  diameter  for 
the  extreme  wiper-points  ought  to  be  provided,  even  if  the  shaft 
cannot  be  obtained  of  the  proper  size.  K  the  number  of  revolu- 
tions of  the  shaft  is  known,  we  easily  find  the  number  of  wipers 
in  one  circle ;  but  this  is  not  the  proper  mode  of  determining  the 
construction  of  the  machine.  The  number  of  strokes  which  a 
stamper  is  to  make  in  one  minute  depends  on  the  kind  of  ore^ 
the  weight  of  the  stamper,  and  the  lift  of  it  These  elements 
must  be  known  before  we  can  determine  on  the  construction  of 
the  machine. 

The  number  of  strokes  of  a  pestle  is  dependent  on  the  quality 
of  ore ;  soft  mineral,  such  as  slate,  shale,  or  stratified  rock,  will 
bear  but  a  limited  number  of  strokes,  because  these  minerals 
do  not  form  a  strong  bottom,  and  the  pestle  is  very  apt  to  break 
through  and  work  on  the  iron  sole-plate,  the  reaction  of  which 
soon  injures  the  machinery.  From  17  to  20  strokes  per  minute 
should  be  the  limit,  where  the  machine  is  fed  by  hand ;  when  a 
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aelf-feeding  hopper  is  appended,  firom  SO  to  40  blows  may  b^ 
siade  per  minute*  In  some  instianoes  thisi  niunber  has  been  in- 
creased to  60  lifts  per  minute,  with  hand-feeding ;  but  the  conse- 
quence is  always  a  rapid  destruction  of  the  machines  thus  over- 
worked. Hard  rods;,  such  as  graywaoke,  quartz,  and  magnetic 
iion  ore,  will  bear  a  great  deal  of  pounding;  these  heavy  mate- 
rials form  a  strong  bottom,  and  £rom  50  to  as  much  as  100  strokes 
may  be  made,  by  dose  attention  and  self-feeding :  with  hand- 
feeding,  this  number  ought  to  be  reduced  to  one  halt  The 
weight  of  the  stampers  and  the  sur&ce  they  occupy,  or  the  sec- 
tion of  the  stamper-head,  is  another  dement  in  determining  the 
form  and  number  of  wipers.  A  heavy  stamper  needs  less  lifk 
than  a  light  one,  and  a  small  section  less  than  a  large  section. 
The  limits  of  lift  are  between  6  and  12  inches;  the  first  for 
stampers  of  500  pounds  and  heavier,  the  latter  for  800  pounds 
and  less.  The  lift  is  in  some  measure  regulated  by  the  size  of 
the  ore.  If  it  is  coarse,  the  stroke  ought  to  be  longer,  but  in  all 
instances  as  short  as  possible,  for  there  is  no  advantage  whatever 
in  high  lifts.  The  section  of  a  stamper,  that  is,  the  lower  surfiEice 
cf  the  stamper-head,  is  regulated  by  the  kind  of  mineral  and  the 
lift.  Soft  mineral  requires  a  larger  sur&ce  than  hard  mineral, 
and  a  heavy  stamper  may  have  more  sur&ce  than  a  light  stamper. 
The  limits  are  here  between  8  inches  square,  that  is,  61  inches 
atu&ce,  and  4  inches  square,  or  16  inches  surfEuse ;  the  first  for 
soft  ore  or  heavy  stampers,  the  latter  for  hard  ore  and  light 
stampers.  A  stamperof  wood  of  6  X5|  inches — that  is,  8S  inches 
0ur£Ew^,  10  feet  long,  with  a  head  of  280  pounds,  which  brings  the 
whole  weight  to  about  460  pounds,  7^  inches  lift,  and  SO  strokes 
per  minute — ^will  convert  one  bushel  of  the  hardest  kind  of 
ore  into  a  considerably  fine  sand,  every  hour.  With  the  same 
stamper,  1}  bushel  of  quartz  may  be  converted  into  coarse  sand; 
and  ficom  1^  to  2  bushels  of  slate  or  soft  ore  can  be  converted 
into  dust,  in  the  same  time,  and  by  hand-feeding.  A  machine 
of  24  pestles,  of  from  880  to  890  poimds  weight  each,  with  10| 
inches  lift,  and  18  blows  per  minute,  crushes  about  as  much  as  the 
above  machine  for  each  pestle  in  the  same  length  of  time ;  weight 
or  number  of  strokes  being  equivalent  to  lift.  Machines  of  this 
kind  require  one  horse-power  for  each  pestle,  that  is,  a  horse-power 
of  88,000  pounds  lifted  one  foot  high  in  one  minute.  By  proper 
feeding-arrangements  the  number  of  strokes  may  be  increased  to 
twice  the  above  number,  without  increasing  the  power  in  equal 
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ratio ;  the  same  pestle  whicli  makes  20  strokes  to  one  horse,  will 
make  40  strokes  with  1*4  horse-power,  provided  the  machine  is 
regularly  fed. 

If  the  number  of  strokes  is  thus  decided  upon,  also  the  lif^ 
and  the  diameter  of  the  shaft  is  known,  we  may  determine  on  the 
number  of  wipers  and  the  number  of  revolutions  of  the  shafti 
As  a  leading  principle,  the  shaft  ought  to  be  made  to  move  bb 
slowly  as  possible,  in  order  to  diminish  the  eflfect  of  the  concuss 
sion  resulting  from  the  contact  of  the  wipers  and  the  lifting-bam 
For  the  same  reason,  the  wipers  and  the  lifting-bars  should  be  of 
wood,  at  least  one  of  the  two ;  and  if  one  is  chosen  to  be  made  of 
iron  or  steel,  the  wipers  ought  to  be  of  that  material.  The  lift? 
ing  of  the  pestle  consumes  a  certain  part  of  the  time  appropriated 
to  each  stroke ;  and  as  the  velocity  of  the  downward  motion  iA 
modified  by  the  water  in  the  battery-troughs,  we  may  safely  as- 
sume that  twice  as  much  time  is  used  for  the  descent  in  water,  as 
in  the  free  air.  We  point  here  again  to  the  advantages  of  short- 
stroke,  in  the  descent  of  the  pestle  in  water ;  the  latter  limits  the 
force  of  the  pestle,  and  does  so  at  the  rate  of  the  cube  of  its  velo- 
city. We  gain  therefore  very  little  in  force  by  raising  the  pesfle 
higher  than  is  actually  necessary  to  break  the  ore ;  and  it  will  be 
found  advantageous  to  increase  the  weight  and  limit  the  stroke 
as  much  as  possible  in  all  cases  where  the  stamper  works  in 
water.  A  stamper  descending  8  inches  in  the  free  air  may  per- 
form that  motion  in  j\  of  a  second,  and  in  less  time ;  water  will 
diminish  the  velocity,  and  increase  the  time  two  or  threefold; 
this  leaves  still  a  large  portion  of  time  for  the  machine  to  raise 
the  stamper  to  the  desired  height,  and  it  requires  but  little  space 
between  the  wipers,  to  afford  the  time  for  descent.  We  may 
therefore  calculate  to  have  the  wipers  close  together  in  case  the 
shaft  moves  slowly.  If  the  length  of  stroke  is  determined,  and 
the  diameter  of  the  shaft,  we  mark  both  sizes  on  a  board,  or  on 
paper,  in  their  natural  dimensions,  as  shown  in  fig.  184.  The 
centre  of  the  shaft  is  laid  in  the  horizontal  prolongation  of  the 
lifting-bar,  or  below  it,  when  the  stamper  is  at  rest,  and  the  lift 
marked  in  raising  the  stamper  to  the  proper  height.  The 
point  of  culmination  decides  the  length  of  the  wiper,  which  is 
drawn  in  the  direction  of  the  one  side,  or  hypotenuse,  of  the  tri- 
angle marked  in  dotted  lines  from  the  centre  of  the  shaft.  In  draw- 
ing the  perpendicular  A,  we  obtain  the  tangent  to  a  circle  from 
which  an  evolvent  to  that  circle  is  drawn ;  that  evolvent  is  the 
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snrve  for  the  wiper,  provided  the  bracket  is  a,  straight  horizontal 
Kne.  In  the  periphery  of  the  circle,  touched  by  the  perpendicular, 
A,  a  string  is  fksteaed  where  the  lower  comer  of  the  bracket  touches 
that  circle,  or  in  feet  where  the  per-  ,^ 

peodicular,  A,  touches  it.  By  laying 
that  string  over  the  drawn  circle  indi-  ^*1!  ■ 
eated  by  the  dotted  line,  which  may  be 
a  round  board,  and  by  putting  a  pen- 
ail  at  the  highest  point  of  the  lift  and 
Stetenuig  it  to  the  string,  and  drawing 
towards  the  centre  of  the  shaft,  we  ob- 
tain the  curvature  for  the  wiper,  which 
ie  the  evolvent  to  the  dotted  circle. 
This  forms  one  tappet ;  the  next  tap- 
pet may  be  a  little  below  the  centre  i.Nririr 
of  the  shaft,  or  the  horizontal  line  llrl'ill'i  '' 
drawn  in  the  direction  of  the  lifting- 
bar,  in  case  the  shaft  moves  slowly. 
if  the  speed  of  the  shaft  is  great,  the  space  from  the  lower  line  of 
the  lifling-bar  to  the  next  wiper  must  be  large  bo  aa  to  afford 
stifficient  time  for  the  pestle  to  descend  before  it  la  touched  by 
the  next  wiper.  There  is  no  necessity  for  giving  more  time  than 
is  actually  required  for  the  descent;  no  rest  of  the  pestle  is 
heeded  when  once  arrived  at  its  lowest  position.  The  distance 
of  one  wiper  from  the  other  in  the  circumference  of  the  shaft  is 
thus  obtained,  and  we  are  now  to  divide  the  length  of  it  in  such 
parts  that  a  certain  number  of  wipers  shall  act  on  each  stamper. 

The  shaft  is  now  turned  around  on  its  axis  in  the  gudgeons 
and  marked  with  concentric  rings,  two  for  each  stamper,  between 
wliich  the  wiper  is  to  be  fastened.     In  fig.  1S6  this  arrangement 


IB  Bhown.  If  the  shaft  has  five  wipers  in  its  circumference,  as  shown 
in  A,  it  is  divided  into  aa  many  parts.  Supposing  there  are  to  be 
twenty  stampers  in  the  whole  length,  divided  into  four  batteries, 
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each  section  of  the  circle,  or  one  fifth  of  it,  must  be  therefore  df* 
vided  into  twenty  parts,  because  when  stamper  No.  1  is  at  rest 
No.  20  is  just  moving ;  in  fact  No.  1  follows  No.  20  in  the  same 
interval  of  time  as  No.  2  follows  No.  1 ;  and  all  the  twenty 
stampers  must  make  one  stroke  in  each  fifth  of  the  circle.  These 
5  times  20  parts,  or  lOO  parts,  are  marked  over  the  whole  length 
of  the  shaft  in  lines  parallel  with  themselves,  and  parallel 
with  the  axis  of  the  shaft.  We  may  now  start  with  wiper  Na 
1,  in  the  middle  of  the  first  battery,  if  we  choose ;  with  No.  2  in 
the  middle  of  the  second  battery,  &c.,  with  No.  5  to  the  right 
or  left  of  No.  1,  or  any  other  arrangement  we  choose ;  in  fact^  it 
does  not  matter  how  the  wipers  are  arranged,  if  the  conditicm 
is  complied  with,  that  the  twenty  stampers  are  lifted  in  succession 
while  the  shaft  performs  one  fifth  of  a  revolution.  K  five  Yripers 
are  in  the  circumference  of  the  shaft,  and  it  is  necessary  that 
thirty  strokes  per  minute  shall  be  made  by  one  pestie,  the  shaft 
is  to  make  six  revolutions  per  minute.  The  number  of  wipers 
may  be  chosen  according  to  circumstances,  but  it  is  not  custon:^ 
ary  to  place  less  than  three  in  the  circumference. 

Form  of  Trough, — The'  form  of  the  box  in  which  the  stampers 
work  is  of  some  consequence  on  the  efiect  of  the  machine ;  too 
small  a  trough  causes  much  loss  of  power,  and  one  too  large  di- 
minishes the  effect  of  the  stamper.  From  one  inch  to  two  inches 
space  should  be  around  the  stampers ;  the  latter  may  be  as  near 
together  as  possible  without  touching.  The  box  is  generallj 
from  fifteen  to  eighteen  inches  high,  formed  by  cast-iron  plates 
bolted  together ;  or  made  of  strong  planks  of  hard  wood,  lined 
with  iron  plates  to  a  height  of  six  or  eight  inches.  The  bottom 
of  the  trough  is  formed  of  a  strong  piece  of  solid  timber,  upon 
which,  in  each  battery,  a  sole-plate  of  cast-iron  from  three  to  four 
inches  in  thickness  is  laid.  This  sole-piece  may  be  also  formed 
of  a  hard  stone  slab,  or  pieces  of  hard  rock,  such  as  granite  or 
compact  iron-ore,  wedged  in  firmly.  The  sole-piece  may  be  either 
of  iron  or  of  stone ;  upon  it  there  is  always  kept  a  layer  of  the 
mineral  which  is  being  crushed ;  this  forms  a  covering  to  the  sole* 
piece  and  protects  it  against  the  immediate  contact  of  the  pestle. 

The  Sieve,  which  permits  water  and  pulverized  minerals  to 
flow  from  the  stamping  box,  is  fastened  vertically  to  one  of  the 
long  sides  of  the  trough,  opposite  to  the  feeding  apparatus,  for 
which  openings  are  provided  in  the  plates  forming  the  box. 
These  sieves,  as  shown  in  the  drawing  fig.  186,  marked  D,  are 
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from  eight  to  twelve  inches  in  length,  by  five  or  Beven  inches 
-in  width,  and  each  battery  haa  one.  They  are  made  of  iron  or 
oopper  plates,  and  pierced  with  small  round  holes,  of  which,  in 
many  instances,  144  or  160  are  within  the  compass  of  a  square 
inch ;  the  holes  are  tapered  &om  within  outwards,  go  as  to  ad- 
nut  every  grain  to  pass  through  which  has  once  entered.  Brass- 
wire  gauze  is  also  tised,  and  a  twilled  kind  of  weaving,  which 
naturally  oontains  more  wire  and  is  stronger,  is  preferable  to 
the  plain  wire  gauze.  These  sieves,  of  whatever  material  they 
may  be  made,  are  fastened  to  a  wrought-iron  &ame,  which  is 
&etened  by  means  of  staples  and  keys  to  the  stamping  trough, 
^e  adjustment  of  these  sieves  is  a  nice  point;  their  height 
.above  the  bottom  of  the  trough,  has  a  decided  infiueace  on  the 
quality  and  quantity  of  the  ore  pounded ;  from  one  and  a  half  to 
five  inches  is  the  extreme  litoit  of  the  lower  edge  of  the  sieve 
above  the  bottom.  If  the  sand  produced  is  too  coarse,  the  sieve 
may  be  raised  and  the  result  is  finer  work.  There  are  of  course 
limits ;  to  this  rule  a  coarse  sieve  never  making  such  uniform  fine 
sand  as  a  fine  one ;  but  a  coarse  sieve  works  much  faster  in  forming 
the  same  averse  size  of  grain  than  a  fine  one.  It  is  therefore 
of  great  advantage  to  work  a  coarse  sieve  if  cireumstances  per- 
mit, and  if  a  uniform  grain  is  not  absolutely  necessary. 

Open  Bottom.— Jn  many  instances,  particularly  when  miner- 
als are  pounded  dry,  the  bottom  to  the  trough  is  formed  of  iron 
bars,  having  the  appearance  of  a  grate  in  a 
stove.  The  bars  are  in  this  case  about  one 
and  three  quarters  or  two  inches  square  of 
wroi^ht-iron,  and  about  eleven  or  twelve 
inches  in  length,  and  resting  at  each  end  in  a 
strong  frame  of  cast  iron,  as  represented  in  fig. 
1S6.  The  spaces  between  the  bars  are  &om 
tiiree  quarters  to  half  an  inch  in  width,  and 
foroish  only  a  coarse  powder.  The  pestle  is 
large,  not  often  less  than  seven  inches  square, 
80  that  it  may  not  injure  the  grate  in  case  it 
happens  to  drop  on  the  empty  bars.  There 
may  here  be  the  same  arrangement  as  above ; 
and  a  battery  may  consist  of  from  three  to  five 
and  more  stamps.  The  stamp-meal  of  course  ■ 
gathers  below  the  bottom  of  the  trough,  and  the  feeding  must 
be  well  attended  to  in  order  to  prevent  injury  to  the  machine. 
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These  machines  are  used  to  break  pure  ores,  and  lumps,  which 
are  then  washed  and  treated  like  small  ore,  and  thus  fireed  from 
most  of  their  impurities.  These  stamps  serve  also  for  breaking 
fluxes  and  those  slags  which  are  used  as  flux,  or  are  broken  to 
obtain  the  metal  which  they  may  contain. 

Variety  of  Forms  of  Stamping  Machines, — Stamping  machines 
consist  of  a  great  variety  of  forms.  Many  are  now  built  entirely 
of  iron,  but  so  far  as  we  have  had  opportunities  of  observing 
their  work,  we  could  not  perceive  any  advantages  which  they 
possessed  over  those  of  wood ;  in  fact,  they  work  slower  thiA 
wooden  machines,  and  are  subject  to  much  expense  for  repairs. 
There  are  serious  doubts  as  to  the  iron  ever  superseding  the 
wooden  stamping-mills.  The  form  of  a  stamping-mill  varies  ae^ 
cording  to  the  kind  of  work  to  be  done  by  it,  the  kind  of  min- 
eral which  is  to  be  crushed,  and  the  quantity  to  be  crushed  in  a 
certain  time.  It  is  useful  for  the  preservation  of  the  machinery 
to  drive  the  mill  slowly,  and  for  this  reason  we  find  the  stampers 
frequently  making  not  more  than  twenty  or  thirty  blows  per 
minute ;  whereas  a  well-built  machine  may  make,  without  injury 
to  its  parts,  from  fifty  to  sixty  strokes  in  a  minute ;  and  a  strongfy 
built  frame,  with  light  stampers  and  short  lift,  may  make  eighty 
and  even  a  hundred  strokes  in  the  same  time.  When  the  ob- 
ject is  to  work  the  ores  very  quickly  and  they  are  hard,  such  as 
many  kinds  of  North  Carolina  gold  ores  or  slags,  the  stamps 
should  be  of  a  small  section,  and  weighing  from  two  hundred  to 
two  hundred  and  fifty  pounds,  with  a  head  of  four  by  four  and  a 
half  inches  for  such  hard  ore.  Such  stampers  should  be  driven 
at  the  rate  of  one  hundred  lifts  per  minute,  and  if  their  weight  is 
not  sufficient  to  break  the  ore  by  a  lift  of  six  or  seven  inches,  the 
downward  velocity  of  the  pestle  may  be  increased  by  attaching  a 
spring  to  the  top  of  the  stamper,  which  may  drive  it  down  with 
more  force.  Stampers  designed  for  breaking  soft  material,  such  as 
slaty  gold  ores,  lead  ores,  pyrites,  limestone,  and  fluxes,  coarse  sand 
and  gravel,  in  fact  all  such  materials  as  do  not  form  a  good  bot- 
tom should  have  large  sections ;  these  must  be  from  six  to  seven 
inches  square,  and  often  eight  inches,  and  from  twelve  to  fourteen 
feet  in  length.'  Such  heavy  stampers  cannot  be  driven  fast,  and 
their  speed  seldom  exceeds  thirty  strokes  per  minute,  often  only 
fifteen  strokes.  The  capacity  of  a  mineral  for  forming  a  bottom 
has  great  influence  in  determining  the  speed  of  the  pestles. 
Quartz,  slags,  magnetic  iron  ore,  tin  ore,  pyrites,  partly  vitrified 
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date,  trap,  and  all  volcanic  rocks,  form  good  bottoms,  and  the 
pestles  may  be  driven  rapidly.  Clay,  slate,  shale,  limestone,  porous 
slag,  all  stratified  rock,  and  sandstone,  form  soft  bottoms,  and 
dionld  have  large  stampers  and  slow  motion. 

As  remarked  before,  the  advantages  of  driving  a  machine  of 
this  kind  slowly  are  considerable ;  and  it  is  good  policy  to  mul- 
tiply the  stamps,  instead  of  driving  them  too  fast  It  saves  re- 
pairs and  expenses  in  feeding,  in  case  no  self-feeding  hoppers  are 
Applied.  A  machine  of  a  good  construction,  and  working  with 
little  expense  in  an  iron  work,  may  have  thirty-two  stamps ;  each 
of  one  hundred  and  eighty  pounds,  including  stamper  head; 
twelve  inches  lift ;  fifty  strokes  per  minute,  and  consumes  the  pow- 
er of  a  twenty-four  horse  water-wheel.  This  machine  will  pound 
twelve  tons  of  hard  material  in  a  day,  and  convert  it  into  fine  sand, 
such  as  quartz,  pebbles,  furnace  cinder,  iron  ore,  or  limestone.  This 
is  a  low  yield,  and  the  same  machine  would  do  twice  the  work 
by  self-feeding  hoppers ;  it  might  be  safely  increased  to  one  third 
more,  by  a  lower  lift  and  more  strokes.  We  shall  furnish  more 
particulars  on  this  subject  in  the  subsequent  part  of  this  work, 
and  conclude  here  by  inserting  some  of  the  general  arrangements 
in  stamping-mills. 

If  it  is  the  object  to  form  only  coarse  sand,  such  as  grains  of 
j>  of  an  inch  in  size,  to  be  mixed  with  fire-clay,  or  pyriteous  ore, 
in  order  to  fi^e  it  ifrom  rocky  matter,  lead  ores,  or  silver  ores  to 
be  fireed  from  blende,  furnace  cinders,  and  similar  substances; 
the  stamp  trough  is  made  spacious,  so  as 
to  admit  of  a  strong  agitation  of  the 
water  in  it.  The  sieve  is  in  this  case 
composed  of  rods  of  iron  instead  of 
being  of  wire  gauze  or  of  sheet  iron. 
These  rods  are  either  round,  of  {  of  an 
inch  in  circumference,  or  square  rods  of 
a  similar  size ;  the  best  form  is  that  of  a 
triangle,  of  which  the  one  side  forms  the 
interior  surface  of  the  sieve.  The  sieve 
is  then  made  as  long  as  the  trough,  so 
&at  the  sand  from  each  stamper  is  dis- 
<jharged  at  once.  The  rods  are  inserted 
in  a  wrought-iron,  or  cast-iron  frame,  as 
represented  in  fig.  137.  The  side  shown,  forms  the  inside  of  the 
box.     This  form  of  the  rods  faci'itntes  the  discharge  of  sand, 


Fig.  137. 
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wliioli  is  kept  in  cooBtant  motion  bj  the  water  in  the  trough,  io 
th&t  no  grains  of  it  can  settle  at  the  bars.  The  two  other  draiF- 
jags  show  a  wire  grate  and  a  plate  grating.  The  grata  is  set 
close  to  the  bottom  pUt«  of  the  trough,  often  but  one  inchj  saA 
never  more  than  two  inches  above  it  The  height  of  this  grate 
is  not  often  more  than  four  inches.  The  spaces  between  the  nxfa 
are  irom  one  eighth  to  one  half  of  an  inch,  according  to  the  kind 
of  mineral  and  the  form  of  the  sand  to  be  made. 

In  these  machines  there  are  often  not  more  than  three  pestlee 
in  one  trough,  forming  a  single  battery.  They  are  long  aod 
heavy,  and  often  seven  and  a  half  by  eight  inches  square.  Thn 
limitation  of  the  nmnber  of  stamps  in  one  trough  is  made  ne- 
cessary on  account  of  feeding,  when  it  is  done  by  hand;  in  ft 
self-feeding  machine  the  number  of  stamps  in  one  t*ttery  may  be 


increased.  The  feeding  must  be  performed  very  regularly,  be- 
cause these  machmes  consume  the  mineral  rapidly.  This  is  taoil- 
itated  by  the  shelf,  fig  188,  E,  which  is  the  whole  length  of  the 
trough,  and  mchnes  about  18^  or  20°  towards  it  In  heavy  ma- 
chines of  this  kind,  there  are  generally  two  iron  bottoms  laid 
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one  npoQ  the  other,  separated  bj  a  thin  board,  which  prereDts 
the  &acture  of  the  lover  plate  in  caae  the  upper  should  be 
broken,  which  may  happen  if  the  machine  ia  not  sufficiently  fed. 
The  lower  plate  is  then  four  inches  thick  and  the  upper  one  three 
inches.  These  plates  reach  below  the  end  lining  of  the  trough, 
and  are  therefore  three  ox  four  inches  longer  than  the  clear 
length  of  the  trough.  The  upper  plate  is  ako  made  two  inches 
wider  than  the  lower  one,  so  as  to  reach  the  back  of  the  trough 
O[^)oaite  the  grate,  under  the  lining  plate.  A  section  of  the 
trough  assumes  then  the  form  represented  in  fig.  1S9,  which  re- 
quires no  explanation.    The  sides  of  the  „ 

1  ■      1      1  ■      !■        1  Fro  139. 

trough  are   not    vertieal,   but  mchned     ,  -  — ri 

about  five  inches  and  more ;  that  is,  the 
top  of  the  trough  is  that  much  wider 
than  the  bottom;  the  slope,  however,  is 
twice  as  much  on  the  back  as  on  the 
aeve  side.  These  machines  are  fre- 
quently used  for  working  minerals  of 
various  degrees  of  hardness;  and  as 
hard  mineral  will  bear  more  pounding 
than  soft,  the  construction  should  be  so  < 
arrauged,  that  the  lift  of  the  stamps  may 
be  altered,  by  moving  either  the  stan^>er 
shaft,  or  setting  the  liftiug-rod  lower. 
By  these  means  the  attendants  on  the  machine  are  kept  at  work, 
and  are  at  the  same  time  enabled  to  feed  it  properly. 

In  order  to  accomplish  a  great  deal  of  work,  these  stamps 
must  have  an  abundimt  supply  of  water,  which  is  led  either  in 
open  troughs  or  pipes  into  the  trough  of  the  battery.  From  finu- 
to  five  gallons  per  minute  for  one  stamper  are  required,  while 
fifom  two  to  three  gallons  for  each  pestle  are  sufficient  in  ordinary 
cases,  and  for  fine  saud,  Bapd  motion  of  the  stampers  also 
causes  the  heavy  particles  to  move  and  float  offi  Not  less  than 
fiity  lifts,  and  not  more  than  sixty-flve  per  minute,  appears  to  be 
an  average  velocity. 

Each  pestle  may  convert  half  aton  of  hard  ore,  such  as  quartz, 
in  one  hour's  time  into  sand  with  grains  of  one  quarter  of  an 
inch,  that  ia,  work  that  quantity  through  a  grate  or  sieve  of 
quarter  of  an  inch  slits.  As  a  great  deal  of  fine  sand  is  in  the 
mean  time  produced,  the  question  is  natural,  whether  a  combination 
of  coarse  and  fine  atamfdng  cannot  be  done  to  great  advantage  in 
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the  same  mill.  The  abundance  of  gold  ores,  and  the  form  in 
which  these  appear,  make  it  necessary  that  a  large  quantity  of 
ore  should  be  worked  in  the  shortest  time,  and  by  the  cheapest 
means.  K  a  coarse  battery  of  five  stamps  can  work  tabular  quartz, 
or  the  average  quality  of  gold  ores,  which  are  composed  of  quarto 
and  slate,  this  number  of  stamps  may  pass  one  thousand  bushels 
of  ore  through  a  quarter  of  an  inch  grating  in  a  day.  K  that  sand 
was  led  from  these  stamps  over  an  inclined  grate,  or  fine  riddle 
composed  of  rods  with  small  spaces,  the  fine  sand  and  gold  would 
pass  through  this  grate,  and  the  coarse  could  be  shovelled  into 
the  hopper  of  a  mill  which  would  convert  it  finally  into  fine 
sand.  This  operation  causes  a  little  more  work,  because  the 
second  machine  must  be  fed  by  extra  labor ;  but  the  advantages 
are  such  as  overbalance  all  the  loss  thus  occasioned.  It  may 
be  presimied  that  half  the  number  of  stamps  can  do  the  same 
amount  of.  work  which  is  performed  in  ordinary  cases,  when  the 
ore  is  converted  directly  into  fine  sand  in  one  operation.  But 
the  greatest  advantage  is  that  the  precious  metal  is  soon  liberated, 
and  not  exposed  to  the  action  of  grinding  for  a  length  of  time, 
the  gold  is  obtained  in  coarser  grains  or  spangles,  the  gathering 
of  it  facilitated,  and  the  loss  diminished.  This  mode  of  working 
does  not  apply  to  gold  ores  only,  but  to  other  substances ;  we 
shall  allude  to  this  again  in  the  proper  places. 

In  all  instances  where  minerals,  slags,  or  any  substance  is 
pulverized,  it  must  be  a  leading  rule  to  do  as  little  work  as  possi- 
ble ;  that  is,  not  to  pound  the  minerals  finer  than  is  actually 
necessary  in  order  to  separate  the  impurities  and  to  perform  the 
work  in  the  shortest  time  possible,  and  with  as  little  labor  as  it 
can  be  done.  In  order  to  succeed  in  this,  the  substance  is  con- 
verted into  coarse  particles,  which  are  of  a  size  sufficient  to  lib- 
erate the  valuable  metallic  contents.  If  the  ore  contains  native 
metals,  much  pounding  is  hurtful  and  causes  loss  in  metal,  which 
is  converted  into  fine  dust  and  floated  off  by  the  water.  This  re- 
fers particularly  to  gold,  and  in  fact  to  all  metals.  The  foreign 
matter,  which  consists  chiefly  of  quartz  and  other  similar  hard 
and  cutting  substances,  does  more  harm  to  the  ore  than  the  con- 
tact of  the  iron  stamper-head  with  it.  The  pounded  matter  should 
be  carried  off  through  the  sieves  as  rapidly  as  possible ;  and  as 
the  metals  and  metallic  minerals  are  generally  heavier  than  the 
foreign  matter,  the  first  is  always  less  disposed  to  move  than  the 
latter.    In  order  to  perform  the  operation  to  perfection,  the 
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pounded  material  must  be  removed  from  the  stamper-trough  in 
ike  coarsest  form  possible ;  the  sieve  should  be  laid  as  low  as 
circumstances  will  admit.  The  supply  of  water  must  be  abun- 
dant, and  so  regulated  that  the  stampers  can  keep  it  in  constant 
agitation.  The  height  of  water  in  the  battery-trough  is  therefore 
a  subject  requiring  close  attention.  If  it  is  too  high,  so  that  the 
stamper  never  leaves  it,  the  agitation  is  diminished ;  and  if  it  is 
too  low,  a  considerable  splashing  is  produced,  which  throws 
water  and  minerals  over  the  floor  of  the  mill.  With  too  little 
water,  it  is  difficult  to  retain  sufficient  material  below  the  stamp- 
ers to  form  a  bottom ;  the  pestles  work  then  on  the  iron  bottom 
flod  soon  destroy  it,  and  also  the  stamper-head  and  the  machinery 
generally,  in  consequence  of  the  violent  concussions.  The  height 
of  water  must  be  so  regulated  that  no  splashing  is  caused,  and 
&e  lower  edge  of  the  stamper  should  move  above  the  surface  of  the 
water,  in  order  to  produce  the  necessary  agitation.  A  lively 
motion  in  the  water  keeps  the  grates  or  sieves  clean,  and  facili- 
tates the  removal  of  the  pounded  mineral.  Too  much  space  be- 
tw^n  the  stampers  and  the  lining  of  the  box  is  as  disadvantageous 
as  too  little ;  it  should  not  be  more  than  three  inches  and  not  less 
llian  one  inch.  Large  stamps  admit  of  more  space  than  small 
ones.  Small  spaces  diminish  the  effect  of  the  pestle,  and  large 
spaces  diminish  the  agitation ;  the  proper  size  must  be  found  by 
experience ;  for  it  is  determined  by  the  kind  of  mineral  and  .the 
fflze  of  the  grains  which  are  to  be  produced. 

We  have  been  thus  particular  on  the  subject  of  stamping 
from  the  conviction  of  its  great  importance  in  the  successful 
operations  connected  with  metallurgy.  The  liberation  of  valuable 
minerals  from  foreign  matter  is  undoubtedly  the  most  important 
branch  of  that  business.  The  investigation  has  thus  far  been  of 
a  general  character,  but  we  shall  particularize  it  in  the  particular 
cases  where  it  is  applied. 

Final  Washing, — The  washing  of  ore,  in  order  to  remove  im- 
purities, is  in  most  cases  a  delicate,  tedious  and  costly  operation. 
The  leading  principle  in  arranging  the  apparatus  and  machinery 
for  this  purpose,  is  the  difference  in  the  specific  gravity  between 
the  various  minerals,  and  also  between  them  and  the  metals.  As 
not  only  the  specific  gravity,  but  also  the  size  of  the  grain,  and 
its  affinity  for  water  and  other  minerals,  has  a  decided  influence 
on  its  tendency  to  subside,  it  is  evident  that  the  operation  of  sep- 
arating minerals  by  these  means  is  truly  one  which  requires 
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more  than  common  intelligence  to  perform  it  welL  Iron  is  by  £ur 
specificallj  heavier  than  quartz,  still  fine  iron  filings  will  float  od 
water,  while  fine  sand  sinks  directly.  Carbon  has  not  the  weight 
of  clay,  yet  fine  carbon  sinks  sooner  in  water  than  clay,  but  not 
so  in  air.  Gold  is  by  &r  heavier  than  sUex,  but  we  may  observe 
by  means  of  a  microscope  a  multitude  of  fine  particles  of  gold 
suspended  in  water,  while  we  cannot  detect  the  slightest  partidf 
of  ailicious  matter,  however  fine  it  may  be ;  the  latter  will  sub- 
side more  quickly  than  visible  particles  of  heavy  gold.  All  the 
metals  appear  to  have  a  tendency  to  float  in  water  when  in  fine 
particles,  some  more  than  others.  This  is  caused  by  a  partide  of 
gas,  either  air  or  water-gas,  adhering  to  the  particle  of  metal^ 
which  caTises  it  to  be  light  and  float,  or  become  suspended. 
Precious  metals  appear  to  possess  more  of  this  quality  than 
others.  Sulphurets  of  metal,  oxides,  salts,  and  in  &ct  all  com- 
pound matter,  do  not  manifest  it.  The  size  of  a  particle,  and  its 
form,  have  also  some  influence  in  causing  heavy  matter  to  sub- 
side in  water ;  a  Ixurge  grain  will  in  all  instances  sink  faster  than 
a  small  one.  Observing  this  as  the  leading  prindple  in  oonstrud- 
ing  washing-machines,  we  can  arrange  the  apparatus  in  such  ^ 
manner  as  will  best  answer  our  purposes.  In  no  branch  of 
metallurgy  is  so  great  a  variety  of  machines  and  instruments  to 
be  found  as  in  that  relating  to  washing-machines.  This  is  easily 
explained,  when  we  reflect  on  the  great  variety  of  minerals,  eadi 
of  which  has  its  peculiar  qualities,  rendering  the  construction  of  a 
particular  machine  in  each  case  almost  necessary. 

Before  entering  on  the  description  of  these  machines  we  shall 
make  a  few  general  remarks.  This  operation  always  occasions  a 
certain  loss  of  mineral,  and  as  it  is  also  expensive  and  laborious, 
we  must  calculate  beforehand  to  what  degree  of  richness  the 
pounded  ore  can  most  profitably  be  concentrated ;  in  other  words, 
at  what  period  of  the  operation  it  is  most  profitable  to  stop.  Too 
little  washing  will  bring  too  much  foreign  matter  into  the  furnace, 
and  too  much  will  cause  considerable  loss  in  useful  mineral. 
There  are  no  established  rules  for  this  concentration,  and  in  fact 
never  will  be,  because  some  furnaces  may  work  an  impure  ore 
to  advantage,  while  others  hardly  work  well  with  pure  ore.  The 
kind  of  impurities  has  also  a  decided  influence.  Heavy  spar  and 
quartz  diminish  the  peld  of  galena  in  all  cases,  while  calc  spar 
will  do  it  no  harm.  Lime  does  not  often  injure  iron  ore,  while 
magnesia  may  affect  the  operation  in  the  furnace,  and  also  the 
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quality  of  the  metal  In  this  case,  as  in  the  preceding,  the  rule 
is,  that  the  less  work  done  on  the  ore  the  better.  Stamps  and 
washing  apparatus  must  work  together  in  order  to  produce  a  fa- 
vorable result. 

In  the  Sieve, — The  pounded  ore  is  in  some  instances  taken 
from  the  stamps  and  washed  bj  hand  in  a  sieve.  A  common 
round  sieve,  or  a  square  one,  is  suspended  on  a  spring  pole  over 
a  large  tub  containing  water,  which  flows  in  and  out  constantly. 
Bi  this  sieve  about  half  a  bushel  of  the  stamped  ore  is  put  at  a 
time,  and  spread  uniformly ;  in  dipping  the  sieve  horizontally, 
the  water  passes  through  its  meshes  and  lifts  the  ore.  The  heavy 
particles  will  not  rise  so  &st  as  the  light,  and  on  lifting  the  sieve, 
the  heavy  particles  wiU  descend  more  rapidly,  or  are  sooner  at 
the  bottom  than  the  light  ones.  Fine  dust  will  of  course  pass 
through  and  gather  in  the  tub,  from  which  it  is  removed  to  wash- 
machines.  On  the  top  of  the  layer  of  ore  in  the  sieve  that  light 
debris  of  rock  is  deposited  which  is  not  fine  enough  to  pass 
through,  or  float  off  with  the  water ;  this  may  be  removed  by 
hand  with  a  broad  spatula  of  sheet-brass.  This  part  of  the  ore 
4s  thrown  into  the  tub  and  washed  along  with  the  sediment  The 
ore  thus  obtained  in  the  sieve  is  considered  pure.  When  this 
operation  is  well  performed  it  is  cheap,  and  qualified  to  produce 
isatisfactory  results.  The  size  of  the  meshes  in  the  sieve  depends 
<rfoourse  on  the  grain  of  the  ore.  By  this  operation  a  dexterous 
-workman  may  produce  a  very  pure  ore,  and  the  most  difficult 
separations  may  be  performed ;  it  requires  experience,  however, 
•to  succeed  well. 

'  If  the  object  is  merely  to  separate  the  fine  matter  from  the 
•coarse,  this  is  effectually  done  by  passing  it  through  gratings 
of  the  proper  size ;  and  if  we  place  a  series  of  gratings  append- 
ed to  boxes  one  over  the  other,  we  may  obtain  a  succession 
of  sizes  of  unequal  purity.  Metallic  ores  are  generally  harder 
than  most  of  the  rocky  matter  mixed  with  them,  and  if  the  crush- 
ing operation  has  been  performed  on  correct  principles,  the  rocky 
debris  is  finer  than  the  ore,  and  will  pass  through  a  finer  grating 
than  the  particles  of  the  mineral.  If  to  this  operation  of  successive 
diminution  of  sizes,  we  apply  the  principle  of  separating  by  specific 
gravity,  we  may  succeed  in  producing  a  better  article  and  lose 
less  ore  in  the  refuse.  In  that  case  a  succession  of  boxes  and 
gratings  are  employed,  and  each  furnishes  a  certain  quality  of  ore. 
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This  operation  is  extremely  tedious,  and  not  suitable  for  our 
miners ;  it  causes  more  labor  than  the  best  of  ores  can  warrant. 

The  Labyrinth, — ^The  particles  of  ore  crushed,  are  at  once  con- 
ducted fix)m  the  stamps  into  a  system  of  wooden  troughs,  or  chan- 
nels,  as  they  come  from  the  stamping-mill.  In  these  channels, 
which  are  in  most  cases  about  10  or  12  inches  deep,  by  15  or  18 
inches  wide,  the  ore  is  deposited  successively  as  its  velocity  is 
diminished,  and  it  becomes  more  or  less  buoyant.  The  heaviest 
particles  and  the  largest  are  of  course  deposited  first,  the  finest  and 
lightest  float  farthest.  By  these  means  we  may  obtain  withottt 
much  labor,  a  separation  of  ore  and  foreign  matter,  which  if  not 
perfect,  at  least  facilitates  the  subsequent  operations.  In  some 
instances,  we  obtain  the  ore  at  the  farthest  end  of  the  labyrinth, 
instead  of  near  the  stamps.  Galena,  a  heavy  ore,  is  very  friable, 
and  if  it  is  mixed  with  hard  quartz,  heavy  spar,  or  pyrites  of 
other  metals,  we  find  but  little  of  it  at  the  entrance  of  the  laby- 
rinth. This  mode  of  separating  ore  from  debris  of  rock  is  there- 
fore by  no  means  perfect,  but  as  it  causes  no  expense  it  is  in 
all  cases  a  useful  auxiliary  in  the  operation  of  purifying  the 
slime,  or  sliech.  The  form  of  these  conduits  for  stamped  ore 
is  variously  modified,  according  to  the  particular  qualities  of  ore,' 
and  the  capacities  of  the  workmen.  The  channels  are  made  more 
or  less  wide  or  deep ;  the  current  is  often  interrupted  by  damd 
which  are  formed  of  a  piece  of  board,  so  as  to  gather  the  ores  of 
a  certain  grain  in  one  compartment.  In  some  instances  the  chan- 
nels are  made  of  various  depths,  that  is,  the  bottom  is  laid  higher 
the  greater  the  distance  from  the  stamps,  so  that  when  the  depth 
is  8  inches  near  the  stamps,  a  httle  further  it  is  7,  then  6,  and  the 
last  8  inches ;  this  will  cause  the  light  particles  to  float  to  the 
shallow  portion,  and  be  there  arrested  by  friction.  The  length 
of  such  labyrinths  varies  a  great  deal ;  for  some  ores  a  channel  of 
20  feet  is  sufficient,  others  require  50,  and  from  that  to  75  feet  in 
length.  In  most  cases  these  channels  are  not  in  a  straight  line, 
but  turn  and  return  in  various  directions,  whence  the  term 
labyrinth.  The  returning  or  turning  of  a  conduit  indicates  a 
classification,  so  that  a  part  of  the  system  may  be  emptied  of  its 
contents  while  the  others  are  at  work. 

To  succeed  well  in  this  operation  it  is  all-important  to  pro- 
duce as  little  dead  mass  or  reftise  slime  as  possible,  for  this  con- 
tains always  some  metal ;  it  is  therefore  necessary  that  the  ores 
should  be  well  purified  before  they  are  brought  to  the  stamps. 
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The  water  with  its  contents  is  in  all  instances  carried  so  far,  that 
all  the  metallic  particles  are  deposited,  and  if  purified,  the  water 
with  its  foreign  matter  is  conducted  out  of  the  building.  The 
more  sedimentthere  is  in  the  trough,  thefaster  and  more  perfectly  is 
the  work  done ;  it  appears  that  the  attraction  of  a  body  of  matter 
in  the  bottom  of  the  channel  facilitates  the  precipitation ;  the 
heavy  grains  are  arrested  first,  and  the  light  ones,  no  matter  if 
small  or  large,  roll  off  with  more  facility,  and  are  carried  farther, 
than  if  there  was  no  sediment.  In  most  cases  a  labyrinth  is  divi- 
ded into  three  channels,  of  which  each  produces  its  particular 
kind  of  ore,  more  or  less  fine  and  rich.  These  different  sorts  are 
in  many  instances  once  more  subjected  to  this  mode  of  washing; 
ia  others  they  are  placed  on  machines  which  perform  the  final 
separation.  In  case  a  further  washing  is  performed,  the  mass  is 
stirred  in  one  of  the  compartments  by  means  of  a  wooden  scraper, 
and  a  small  quantity  of  pure  water  is  led  through  it  in  the  mean  time, 
which  carries  off  with  it  some  particles  of  ore,  but  mostly  foreign 
matter.  The  water  is  conducted  through  another  channel,  in 
which  it  deposits  most  of  its  contents  and  bears  away  very  little 
metal.  The  velocity  of  water,  depth  and  width  of  channel,  length 
of  the  same,  and  other  particulars,  must  be  found  by  experiments 
VOL  every  case.  Too  deep  channels  work  irregularly,  because  the 
velocity  of  water  and  attraction  of  the  mass  differs  with  the  quan- 
tity of  sediment  in  the  trough ;  ten  inches  is  in  most  cases  too 
deep.  The  width  depends  in  some  measure  on  the  quantity  of 
ore,  but  it  should  not  be  more  than  eighteen  inches  in  any  case. 
The  length  must  be  regulated  by  observing  the  waste  which  flows 
off;  if  it  is  too  rich  in  metal,  which  is  determined  by  an  assay, 
the  length  of  the  labyrinth  is  increased  by  an  additional  compart- 
ment. 

Sweep-tables, — The  refuse  obtained  in  the  labyrinth  is  divided 
into  certain  parts,  distinguished  by  the  amount  of  useful  mineral; 
those  portions  which  are  not  yet  qualified  for  the  furnace,  are  sub- 
jected to  further  purification.  Various  machines  are  in  use  for 
this  purpose ;  but  we  shall  mention  only  two  which  are  used  in 
some  of  our  smelt  works,  but  which  we  consider,  nevertheless,  not 
the  proper  ones  for  us ;  these  are  the  sweep-tables  and  percussion- 
tables.  The  first  are  long  tables,  of  which  five  are  generally  in 
one  establishment ;  two  serve  for  washing  the  richer  portions  of 
the  ore,  and  three  for  the  muddy,  impure,  and  fine  sediment. 
Such  a  table  is  from  30  to  40  feet  in  length,  or  as  long  as  the 
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building  will  admit  of.  The  width  is  from  8*5  to  8*76  feet  in  iSbud 
clear.  They  are  inclined  from  49  to  5°,  and  form  consequentlj 
an  inclined  plane,  on  which  the  ore  may  roll  down,  when  driren 
by  water.  At  the  upper  end  of  the  table  there  is  a  tub,  provided 
with  a  horizontal  paddle-wheel,  into  which  the  dime  is  thrown, 
and  agitated  by  the  wheel.  The  tables  are  composed  of  oak 
plank,  clear  stu£^  and  perfectly  plain  and  smooth ;  both  long  aides 
are  provided  with  ribs  so  as  to  prevent  jhe  flowing  off  of  water ;  a| 
the  lowest  end  is  a  rib,  about  J  of  an  inch  high,  which  prevents 
the  heavy  ore  frt)m  floating  down,  but  permits  of  the  light  -im- 
purities to  pass  off  with  the  water.  At  the  upper  end  there. is  a 
short  table  of  a  few  feet  in  length,  which  receives  a  portion  of  ike 
dissolved  ore  from  the  tub,  which  is  let  out  by  drawing  a  ping; 
this  table  forms  a  kind  of  box,  and  is  the  measure  for  the  quan- 
tity of  water  and  ore-sand  drawn.  When  it  is  filled  the  tub  is 
plugged  up,  and  that  quantity  on  the  table  is  washed.  Clear 
water  is  now  let  on  the  small  table  and  its  contents  are  gently 
stirred  by  a  wooden  scraper ;  this  sets  all  the  light,  and  some 
heavy  particles  in  motion,  which  flow  in  a  broad  but  gentle  stream 
down  the  large  table ;  in  this  descent  the  heavy  particles  settle 
on  the  table.  When  the  ore  which  was  tapped  from  the  tub  s 
washed,  the  contents  of  the  table  are  swept  together  by  means  of 
a  broom  and  thrown  into  a  vessel,  below,  through  an  opening 
which,  is  ordinarily  shut  by  a  valve.  This  operation,  as  will  read- 
Dy  be  seen,  is  expensive,  and  it  is  a  consideration  of  economy 
whether  the  contents  of  good  ore  in  the  impurities  will  pay  the 
expenses  of  removal  by  it. 


A 

§ 


pio.  i4a 


In  fig.  140  is  represented  a  vertical  section  of  a  sweep-table, 
in  which  A  is  the  large  table,  B  a  small  conduit  leading  from  the 
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tnngli  C,  in  vhich  the  crushed  ore  is  disaolred.  D  is  a  trough 
vhich  receives  the  ore ;  E  a  spout  which  leads  off  the  muddy 
water.     In  fig.  141,  the  same  apparatus  is  represented  in  plane. 


e  are  two  tables,  one  beside  the  other.  These  are  not  so  long 
BB  those  mentioned  above.  They  are  designed  for  a  more  pure 
and  richer  ore,  and  are  only  from  13  to  14  feet  in  length.  In  the 
bottom  of  the  box  which  receives  the  crushed  ore  from  the 
tul^  two  plugs,  C  C,  regulate  ite  flowing  off  over  the  table,  at  the 
head  of  which  we  perceive  a  series  of  studs  forming  a  grating  in 
a  triangular  form.  These  studs  are  made  .of  wood,  and  may  be 
turned  so  that  the  spaces  between  them  shall  be  made  narrower 
or  wider,  according  to  circumstances,  and  by  these  means  regu- 
late the  uniformity  of  the  sheet  of  water  over  the  table.  The 
spouts,  E  E,  are  elevated  above  the  basin,  D,  and  in  removing  one 
or  both  of  the  ribs  at  the  lower  ends  of  the  tables,  the  pure  con- 
tents of  the  tables  are  swept  into  the  box,  D, 

Percussion-TabUs. — Between  the  foregoing  and  this  table, 
there  is  no  other  essential  difference  than  that  the  latter  ia  sus- 
pended on  its  four  comers  in  iron  chains,  or  iron  rods;  it  is  thus 
movable,  whereas  the  sweep-table  is  permanent  This  table  can  be 
set  in  motion  by  a  revolving  shaft,  which  causes  the  longitudinal 
motions  to  be  performed  in  short  intervals  and  abruptly,  so  as  to 
produce  aconcussion  against  some  fixed  substance.  The  water  and 
ore  are  led  from  the  box  over  a  distributing  table,  and  spread 
erenly  before  they  arrive  on  the  movable  table ;  the  latter  is  sus- 
pended below  the  first  The  ore-sand  arriving  thus  on  the  gently 
sloping  table,  distributes  itself  uniformly  over  it.     The  pereus- 
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sions  wUcIi  the  table  receives  cause  the  weightier  matter  to  ae^ 
tie  first,  and  accumulate  at  the  upper  end ;  and  the  light  matter 
settles  at  the  lower  end.  With  the  accumulation  of  the  sand 
on  the  table,  its  slope  is  increased,  which  naturally  causes  the 
heavier  particles  to  float  lower  down.  In  order  to  prevent  thiSi 
the  chains  in  which  the  table  is  suspended  at  the  lower  end  are 
shortened  by  the  attendant ;  this  is  done  by  means  of  a  lever 
turning  a  long  roller  above  the  table  upon  which  the  chains 
wind.  By  altering  thus  the  inclination  of  the  table,  the  deposits 
may  be  made  to  settle  in  regular  succession.  The  middle  por- 
tions on  the  table  are  generally  impure,  and  in  order  to  inci^ease 
the  best  quality,  that  is,  the  upper  portion,  the  attendant  draws 
sand  from  the  middle  towards  the  top  ;  while  doing  so,  the  water 
meeting  it  sweeps  the  impurities  down,  and  a  large  quantity  of 
sand  of  second  quality  is  thus  converted  into  first  quality.  As 
these  tables  are  generally  at  least  8  feet  long,  and  from  4  to  6 
feet  wide,  a  workman  cannot  well  reach  the  ore,  and  is  compelled 
to  step  on  the  table  in  order  to  perform  this  duty.  The  motions 
of  the  table  are  slow,  not  more  than  20  or  25  per  minute,  and 
from  }  to  8  inches  throw ;  and  as  the  sand  is  heavy  and  hard, 
there  is  no  objection  to  a  man  standing  on  the  ore.  When 
a  sufficient  quantity  of  ore  is  gathered  on  the  table,  it  is  shov- 
elled off  and  divided  into  three  kinds,  forming  heaps  which 
are  called  No.  1,  No.  2,  and  No.  3.  Of  these.  No.  2  and  No.  8 
are  placed  again  on  the  table,  and  by  the  same  operation  con- 
verted into  No.  1 ;  or  if  that  is  too  expensive,  they  are  smelted. 
That  part  of  the  ore  which  flows  off  at  the  end  of  the  table,  which 
is  generally  not  provided  with  a  rib,  or  spout,  is  conducted  into, 
troughs ;  and  if  the  contents  of  metal  in  it  are  sufficient  to  pay 
the  expense,  this  sediment  is  once  more  subjected  to  washing. 

There  are  a  variety  of  washing-machines  of  curious  forms  and 
names  in  use,  most  of  which  are  of  no  interest ;  the  foregoing  are 
the  most  useful.  If  the  motion  of  a  percussion-table  was  verti- 
cal, instead  of  being  horizontal,  there  is  no  doubt  the  machine 
would  work  faster ;  or  if  a  permanent  table  is  set  in  vibration  by 
gentle  taps  from  below,  that  certainly  will  improve  the  work  upon 
it.  Propositions  have  been  made,  and  machines  tried,  to  remove 
impurities  from  ore  by  a  strong  draught  of  air  from  a  blast-ma- 
chine, such  as  a  fan-blast.  We  are  not  aware  with  what  success 
these  operations  have  been  performed ;  but  as  we  do  not  hear  of 
them  any  longer,  we  apprehend  they  are  abandoned.    No  doubt, 
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by  this  means,  ore  may  be  purified ;  but  it  is  doubtful  whether 
it  can  be  done  with  such  economy  as  the  separation  by  water. 
In  all  these  operations  of  washing,  or  purification,  it  must  be  the 
aim  to  work  the  ore  as  coarse  as  possible ;  fine  ore-sand  loses 
always  more  metal  in  the  waste  and  water  than  coarse  sand. 

Bodsting. — ^This  operation  is  performed  on  ores  either  before 
or  after  breaking,  or  crushing  them.  Ores  are  roasted  before 
crushing,  when  it  is  the  intention  to  remove  the  impurities  with 
more  facility  than  could  be  done  in  the  crude  state.  Native 
quartz  is  very  hard;  but  when  it  is  roasted  it  becomes  very  brit- 
tle, is  easily  poimded,  and  easily  washed  away.  This  operation 
#1  ores  is  to  be  performed  with  great  caution,  particularly  when 
toasting  is  done  before  washing ;  for  most  of  the  metallic  ores 
also  become  brittle  and  extremely  light  when  roasted.  When 
ores  appear  in  the  form  of  oxides,  such  as  magnetic  oxide  of  iron, 
oxide  of  tin,  and  a  few  other  oxides,  we  may  roast  them  and  re- 
move the  silex  to  great  perfection.  But  if  iron  pyrites  or  galena 
k  roasted,  the  resulting  oxide  is  easier  swept  away  than  the  fine 
quartz  which  may  be  in  its  composition.  In  some  cases  washing 
aad  roasting  are  done  alternately — ^this  is  the  case  with  zinky 
galena ;  but  this  process  is  imperfect  In  general,  it  is  rare  that 
roasting  is  done  before  washing,  so  that  the  washing  almost 
always  succeeds  picking  and  stamping,  and  roasting  follows. 
-  In  Heaps, — The  operation  of  roasting  is  in  general  executed 
by  various  processes,  depending  upon  the  nature  of  the  ore,  the 
(piality  of  fiiel,  and  the  object  to  be  attained.  Boasting  in  heaps 
in  the  open  air,  is  one  of  the  methods  most  generally  applied. 
This  is  practised  particularly  upon  iron  ore,  pyrites,  and  ores 
which  can  bear  a  strong  fire.  The  operation  consists  in  spread- 
ing over  a  plane  surface  of  ground,  billets  of  wood,  or  lumps  of 
mineral  coaJ.  Such  a  layer  of  fuel  is  generally  from  6  to  8  inches 
thick,  and  the  interstices  between  the  coarse  fuel  are  filled  up  by 
chips  of  wood,  wood  charcoal,  coke,  or  coal.  The  ore  is  now  spread 
over  the  fuel  in  a  layer  of  from  12  to  24  inches  in  thickness, 
which  depends  on  the  kind  and  the  form  of  ore.  Coarse  ore,  and 
that  which  can  bear  a  high  heat,  may  be  piled  pretty  high ;  but 
fine  crushed  ore  from  the  stamps,  and  ore  which  easily  melts, 
such  as  sulphuret,  or  arseniuret,  should  not  have  much  coal  in  a 
body ;  the  ore  is  therefore  not  piled  so  very  high.  Alternate  beds 
of  fiiel  and  ore  are  thus  formed,  and  roasting  heaps  accumulated 
which  are  in  many  cases  extremely  large,  retaining  the  fire  for  a 
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long  time.  In  fig.  142,  is  representad  an  ore-beap  in  a  tarnk  m ' 
irhich  it  is  mc^  commOQly  put  up  at  smelt-works  of  this  country. 
Wood  is  the  basis,  then  ore,  then  fine  charcoal  or  braize ;  vhich 
alternate  lajeia  are  continued  to  Buoh  a  height  as  may  be  coslta- 


nient  The  quantity  of  fuel  to  ore  is  most  commonly  one  int^ 
of  charcoal  to  six  inches  of  ore ;  in  other  instances  it  is  one  inch  of 
coal  to  twelve  of  ore,  and  even  as  much  as  eighteen  inches  of  ore, 
exclusive  of  the  bottom  coal,  or  wood,  and  coal-covering.  As 
seen  above,  ^e  ore  is  piled  upon  a  network  of  cord-wood, 
which  is  the  preferable  form  for  this  foundation,  because  it  ad- 
mits of  a  lively  current  of  air,  which  is  all-important  in  this 
operation.  Some  chimneys  are  generally  formed  in  a  heap,  par- 
tkularly  when  the  ore  is  fine ;  through  these  the  fire  is  k^dled, 
and  when  the  heat  is  well  distributed  in  the  interior,  these 
are  shut  and  the  escape  of  heat  permitted  in  only  a  small  quan- 
tity. The  fire  must  be  so  regulated  that  the  heat  penetrates  all 
parts  uniformly,  and  that  no  part  is  more  heated  than  another. 
The  slower  the  combustion,  provided  the  proper  degree  of  heat 
is  obtained,  the  better  for  the  ore ;  if  therefore  that  degree  of 
heat  is  produced  which  is  considered  requisite  for  the  purpose, 
its  further  increase  is  checked  by  stopping  all  draft-holes.  Too 
littlo  fuel  is  injurious  to  roasting,  as  well  as  too  much ;  the  pro- 
per amount  can  be  found  by  experience  only ;  no  rules  can  be 
established  on  the  subject. 

For  roasting  in  heaps  many  modes  of  operation  are  in  prac- 
tice in  Europe.  There  we  see  heaps  as  high  as  houses,  the  fire 
being  in  constant  action  for  at  least  twelve  months.  We  also 
meet  with  skilfully  arranged  mounds  for  roasting,  £uch  as  in  the 
Hartz  mountains  of  Germany.  These  variations  in  the  mode  of 
roasting  are  not  adopted  here,  and  appear  not  to  be  suitable. 
Wood  is  generally  cheap  with  us,  and  labor  and  capital  high ; 
and  as  the  above  form  of  pile  requires  more  wood  and  less  labor 
than  the  Oerman  method,  also  less  capital  than  the  English,  as 
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)>ra<!rtifled  in  Wales  on  iron  ores,  it  is  natural  that  it  should  be  the 
most  prevalent  in  this  country. 

In  Mounds, — ^The  difficulty  of  managing  the  fire,  particularly 
with  fine  ore,  or  crushed  ore,  i^  open  heaps,  has  led  to  the  con- 
struction of  mounds  for  roasting.  These  are  walled-in  areas ;  a 
certain  space  of  ground,  say  twelve  feet  by  eight  feet,  is  sur- 
rounded on  three  sides  by  a  low  wall,  small  chimneys  being 
erected  in  the  interior  of  the  inelosed  space ;  the  walls  are  fix>m 
two  to  three  feet  high,  having  fire-rooms  in  their  lower  parts  near 
the  ground,  or  even  below  it.  Several  such  furnaces  are  gen- 
erally built  together  under  a  shed,  and  two  of  their  walls  are 
therefore  mutual  These  mounds  are  particularly  suited  for  roast- 
ing fine  ores,  and  washed  powdered  ore,  but  the  operation  is  tedi- 
ous, and  requires  more  attention,  than  our  smelters  can  pay  to  roast- 
ing. Moulds  have  been  tried  in  this  country  for  roasting,  but 
are  now  generally  abandoned. 

On  Furnaces. — ^Furnaces,  or  roast-ovens,  are  also  used  for 
roasting  ores ;  they  difier  greatly  in  their  construction,  according 
tt>  the  method  of  their  use.  Iron  ores  are  roasted  in  ovens  simi- 
lar to  a  common  lime-kiln  of  large  size,  and  one  that  may  serve 
for  either  roasting  or  burning  lime.  No  fine  or  small  ore  can 
be  roasted  advantageously  in  an  oven  of  this  kind.  For  other 
ores  than  carbonates  of  iron,  (argilaceous  ores,)  these  kilns  are 
not  well  adapted.  Pyrites  cannot  be  roasted  in  them,  neither 
most  other  ores,  because  it  is  impossible  to  regulate  the  heat  so 
as  to  prevent  the  melting  of  the  ore ;  and  if  this  happens,  of 
course  that  ore  is  either  lost  or  is  with  difficulty  recovered.  In 
roasting  poor  iron  ores  it  is  extremely  difficult  to  regulate  the  fire 
so  that  no  parts  of  the  ore  are  burned  dead  or  melted.  For  these 
reasons,  kilns  for  roasting  are  not  so  much  in  use  as  would  nat- 
urally be  expected ;  they  save  fiiel,  but  are  more  expensive  in 
labor  than  the  open  heap. 

The  Reverberatory  Furnace. — ^This  apparatus  forms  one  of  the 
best  furnaces  for  roasting ;  but  as  its  application  is  by  no  means 
general,  and  as  the  form  of  a  roasting  furnace  is  modified  accord- 
ing to  the  kind,  form,  and  uses  of  ore,  we  shall  allude  to  this 
method  when  treating  of  those  substances  to  which  it  is  applied. 

There  is  a  variety  of  forms  in  the  apparatuses  for  roasting,  but 
we  cannot  perceive  any  advantage  in  the  use  of  them ;  neither  in 
the  form  of  lime  kilns,  for  wood ;  nor  cupola  fiimaces,  constructed 
like  porcelain  kilns ;  nor  large  chambers,  into  which  the  fiaine 
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£rom  a  grate  is  conducted  through  the  ore ;  nor  other  fonoa  of 
apparatus.  These  contrivances  are  not  calculated  for  our  smeli- 
works ;  they  cause  more  labor,  and  absorb  more  capital^  than  a 
smelting  business  can  afford. 

Principles  of  Roasting. — ^Boasting  means  to  heat  a  substance,  a 
metal,  or  a  metallic  ore,  or  matt,  to  at  least  a  red  heat,  or  such  a 
heat  that  the  mineral  does  not  melt,  but  only  the  volatile  or  com- 
bustible substances  are  expelled,  and  at  the  same  time  as  much, 
oxygen  becomes  combined  with  the  ore  as  it  possibly  can  absorb. 
It  is  therefore  a  principal  condition,  that  with  the  heat  a  liberal- 
quantity  of  atmospheric  air,  or  oxygen,  is  admitted.  In  some, 
cases  chlorine,  carbonic  acid,  carbon,  or  steam,  is  required  along 
with  the  air,  or  in  their  pure  conditions.  In  most  instances,  the 
object  is  merely  to  oxidize  the  ore  to  a  higher  degree,  or  to  drive 
off  volatile  matter  and  in  the  mean  time  oxidize  the  ore,  or  to 
combine  chlorine  with  a  certain  metal,  as  silver;  or  to  reduoe 
ore  to  metal,  and  evaporate  the  latter,  which  is  the  case  with 
arsenic,  zinc  and  antimony. 

The  operation  proceeds  £%ster  when  the  ore  is  fine  than  wheu 
it  is  coarse,  because  more  surface  is  offered  to  the  oxidizing^ 
agent ;  but  this  method  includes  the  motion  of  the  particles,  so  as 
to  expose  their  various  sides  to  the  heat.  It  is  not  always  ne- 
cessary that  the  ore  should  be  a  fine  powder ;  but  it  is  of  great 
advantage  to  have  it  in  pieces  of  uniform  size,  because  the  action 
of  heat  and  air  is  more  regular,  and  the  sur&ces  acted  upon  are 
larger.  In  roasting  more  or  less  fine  powder,  it  should  be  stirred 
^nd  moved  while  hot.  The  melting  of  the  substance  must  by  all 
means  be  prevented,  for  in  that  case  neither  evaporization  nor 
oxidation  can  be  accomplished.  In  the  large  operation,  and  in 
the  reverberatory  furnace,  the  melting  of  any  kind  of  substance 
which  is  to  be  roasted  is  easily  prevented.  Roasting  is  always 
applied  to  oxidize  iron  ores,  in  order  to  obtain  the  highest  degree 
of  oxidation.  A  simple  oxidation  is  performed  when  magnetic 
ores  are  exposed  to  heat  and  air  and  traosformed  into  peroxide. 
Chlorides  are  produced  when  for  instance  hot  silver  ore  is  brought 
in  contact  with  chlorine,  or  a  salt  of  chlorine,  such  as  common 
salt ;  the  roasting  operation  is  here  performed  to  reduce  the  oxide. 
When  arsenic  is  to  be  evaporated,  we  put  carbon  in  the  mixture, 
and  produce  metal,  which  is  more  easily  evaporated  than  its 
oxide.  An  evaporating,  roasting  process,  is  that  which  is  per- 
formed on  hydrated  oxides  when  only  water  is  evaporated ;  a 
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compound  operation  is  performed  when  evaporation  and  oxida- 
tion are  produced  at  the  same  time.  In  roasting  pyrites,  blende 
and  arseniurets,  the  volatile  substances  are  driven  off  by  heat^  and 
the  remaining  metal  is  at  the  same  time  oxidized,  which  is  brought 
in  most  instances  to  the  highest  degree  of  oxidation. 

The  affinity  of  the  metals  for  other  substances  than  oxygen, 
and  the  form  in  which  these  combinations  appear,  modify  the 
process  of  roasting  considerably.  We  shall  allude  to  these  par- 
ticulars in  the  proper  places;  but  it  may  be  proper  to  state 
here  some  general  circumstances  which  have  a  bearing  upon  the 
subsequent  operations.  Iron  cannot  by  any  means  be  entirely 
A^ed  from  sulphur,  phosphorus  or  arsenic,  by  roasting;  the 
presence  of  the  vapors  of  water  facilitates  the  expulsion  of  these 
substances,  but  the  roasted  ore  never  can  be  made  entirely  free 
flx)m  them.  Blende,  or  sulphuret  of  zinc,  is  extremely  slow  to 
oxidize,  and  never  can  be  purified  from  all  the  sulphur.  Sul- 
phuret  of  bismuth  is  equally  slow  of  oxidation,  not  for  want  o^ 
affinity  for  oxygen,  but  because  it  is  so  highly  fusible  that  its 
melting  cannot  be  prevented.  SiJphuret  of  copper  is  easily  pu- 
rified from  all  its  sulphur.  Galena  is  of  very  difficult  oxidation, 
almost  as  much  so  as  bismuth.  Sulphuret  of  silver  is  easily  lib- 
erlEtted  from  its  sulphur,  and  forms  metal ;  the  same  is  true  with 
gold.  Mercury  acts  in  a  similar  manner,  but  it  requires  some 
caution  to  avoid  evaporating  the  sulphuret  of  mercury  with  the 
stilphur.  Sulphuret  of  antimony  is  of  difficult  oxidation,  because 
it  is  extremely  fusible.  Sulphuret  of  arsenic  is  easily  decom- 
piOsed,  but  the  result  of  the  oxidation  evaporates ;  the  arsenious 
a6  well  as  the  sulphurous  acid  both  evaporate.  The  sulphurets 
of  nickel  and  of  cobalt  are  easily  oxidized,  and  form  pure  ox- 
ides. Phosphorus  and  arsenic  act  in  a  similar  manner  as  sulphur, 
and  what  applies  to  the  latter  applies  to  the  former,  with  slight 
modifications.  Phosphoric  acid  is  more  permanent  than  sulphur- 
ous acid,  and  silver  cannot  be  entirely  freed  from  arsenic  if  once 
combined  with  that  substance. 
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CHAPTER   III. 

.  Smdtvng. — ^When  metallic  ores  are  exposed  to  heat  and  sncii 
reagents  as  develope  the  metal,  we  call  it  smelting,  in  ocmtrar 
distinction  from  the  mere  application  of  heat,  which  causes  ore 
to  become  fluid,  and  is  called  melting.  Smelting  is  a  chemical 
operation,  conducted  on  the  same  principles  as  a  moist  assay  in 
the  laboratory ;  excepting  that  we  produce  in  this  case  but  ow 
valuable  substance,  the  metal,  and  consider  the  slags  as  acov 
dental  results.  The  slags  require  the  closest  attention  of  the 
metallurgist,  because  if  they  are  of  the  right  composition,  ihe 
metal  will  invariably  appear  in  the  proper  form.  In  all  cases  of 
smelting,  it  is  an  essential  condition  that  the  degree  of  heat  shoidd 
be  so  high  as  to  cause  all  substances  to  become  perfectly  fluid. 
In  principle  there  is  no  difference — ^if  we  mix  two  fluids,  or  a 
fluid  and  a  solid,  which  show  different  affinities  for  the  matter 
in  solution — ^if  the  fluidity  is  produced  by  matter  which  is  fluid 
at  common  temperatures,  or  only  at  a  high  heat.  If  oxide  of 
iron  is  put  into  a  watery  solution  of  the  sulphuret  of  potaa^ 
slum,  the  result  is  sulphuret  of  iron  and  potash ;  if  the  suV 
phuret  of  potassium  is  melted  by  heat,  and  we  put  into  the  fluid 
the  oxide  of  iron,  we  have  the  same  result ;  sulphuret  of  iron 
and  potash  are  in  the  hot,  melted  mass.  If  some  potash  or  soda 
is  put  into  a  red-hot  solution  of  silicate  of  lead,  metallic  lead 
is  precipitated,  because  the  potash  has  more  affinity  for  silex  than 
oxide  of  lead.  When  into  a  fluid  silicate  of  iron,  carbon,  lime,  or 
other  bases,  or  an  oxide  of  metal  is  brought,  such  as  manganese, 
which  has  more  affinity  for  silex  than  iron — it  will  deprive  the  silex 
of  its  iron,  and  precipitate  the  latter  in  its  metallic  state.  The  mani* 
pulation  in  the  laboratory  differs  from  the  manner  of  operation 
in  metallurgy,  but  we  recognize  in  both  the  same  laws  of  affinity. 
In  almost  all  smelting  operations,  the  object  is  to  produce  a 
certain  metal,  and  to  form  of  all  the  other  metals  oxides  and  slags. 
This  operation  is  greatly  facilitated  by  the  fact  that  most  of  the 
metals  are  specifically  heavier  than  their  melted  oxides,  or  than 
these  oxides  in  combination  with  silex  or  other  acids ;  and  if 
slags  and  metal  are  actually  rendered  perfectly  fluid,  they  will 
separate  in  consequence  of  their  want  of  affinity  and  their  diffier- 
ence  in  specific  gravity.  This  case  is  like  that  of  common  fluids. 
Water  and  oil  may  be  mixed,  but  soon  they  separate,  the  oil 
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floating  in  a  distinct  stratum  on  the  surface  of  the  water.  Metal- 
lic lead  and  oxide  of  lead^  or  a  silicate  of  the  oxide  of  lead,  or 
any  other  silicate,  may  be  mixed  when  in  a  rigid  state,  and  they 
do  not  separate;  but  when  both  are  fluid  or  melted,  metal  and  slag 
soon  separate,  the  former  being  found  below  the  latter.  When 
lead,  iron,  and  slag  are  melted  together,  we  obtain  lead  for  the 
lowest  stratum,  iron  on  that,  and  the  slag  above  the  iron.  The 
q>ecific  gravity  of  each  indicates  their  relative  positions.  In  all 
mtelting  operations  we  obtain  at  least  two  separate  strata^  often 
ihree,  and  in  some  instances  four,  of  different  substances. 

Metals, — ^These  are  contained  in  the  ores,  in  most  cases,  as 
'^iompounds ;  and  if  it  is  the  object  to  separate  them  we  are  to  put 
such  matter  in  contact  with  them  as  will  deprive  the  metal  of  its 
ieompound.  K  a  silicate  of  iron  is  melted,  we  do  not  precipitate 
iron  by  adding  carbonate  of  soda  or  caustic  lime  to  the  fluid  mass ; 
this  addition  merely  increases  the  fluidity  of  the  slag  without  pro* 
dudng  any  metal  But  if  we  add  sodium,  the  oxide  of  iron  will  be 
dq>rived  of  its  oxygen  and  form  metal.  Carbon  has  more  affinity 
fer  oxygen  than  metal  in  the  high  heat  of  a  melted  silicate;  if 
Aerefore  we  add  carbon  to  the  melted  silicate  of  iron,  some  iron 
18  produced  in  all  cases.  When  in  this  instance  sufficient  iron  is 
^precipitated  to  deprive  the  slag  of  its  fluidity,  no  metal  is  formed, 
however  much  carbon  we  may  add;  for  the  metal  requires  a 
llimy,  glassy  coating  to  protect  it  against  the  influence  of  oxygen. 
When  exposed  in  small  particles  to  the  influence  of  oj^gen, 
iilmost  all  metals  bum  more  readily  than  carbon — ^gold,  the  plati- 
.num  metals,  and  silver,  in  some  measure  excepted.  I^  therefore, 
.we  desire  to  obtain  metal,  we  must  produce  a  slag  which  protects 
it  and  at  the  same  time  admits  of  its  coagulation.  K  to  fluid  sili- 
cate of  iron,  potash  or  soda  is  added,  and  at  the  same  time  carbon, 
metallic  iron  will  be  produced,  because  the  slag  retains  its  fusi- 
bility by  this  addition  ;  but  when  so  much  iron  is  precipitated  as 
to  render  the  slag  not  sufficiently  fusible  to  cover  the  metal  with 
a  slimy  coating,  the  presence  of  potash  even  will  not  prevent  the 
iron  from  burning.  Carbon  in  any  form  has  a  strong  affinity  for 
oxygen,  and  precipitates  all  the  metals  from  oxidized  compounds; 
but  it  must  never  be  forgotten  that  metal  in  fine  particles  has 
more  affinity  for  oxygen  than  carbon,  no  matter  how  high  or 
low  the  temperature  may  be.  It  is  evident  from  this  that  no 
metallurgical  operation  can  be  perfect  until  the  heat  is  sufficient 
to  melt  both  metal  and  slag.    Sonle  metals  are  extremely  refrac- 
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toty,  and  do  not  melt  in  any  heat  we  can  produce  by  meaai 
of  carbon ;  such  are  platinum,  chromium,  iron,  and  others.    In 
these  cases,  we  combine  the  metal  with  other  substances  which 
cause  it  to  be  fusible.    Platinimi  is  fusible  in  combination  with ' 
lead ;  chromium  in  combination  with  arsenic ;  and  iron  in  ^on* 
nection  with  carbon,  phosphorus,  an^nic,  sulphur,  and  a  numbef 
of  alloys,  is  fbsible,  while  by  itself  it  cannot  be  melted.   By  theiie "' 
means  we  may  precipitate  and  melt  a  metal,  which  without  such 
an  addition  would  not  melt.    Silver  and  gold,  if  pure,  do  not  mell  '■ 
very  readily,  and  they  evaporate  at  a  heat  only  little  higher^ 
than  their  melting  point;  it  is  therefore  necessary  to  combine  * 
these  metals  with  one  that  is  more  fluid,  in  order  not  to  lose  ' 
much  of  them.    These  considerations  will  lead  the  metaUurgist 
to  employ  the  proper  means  for  obtaining  the  metal  in  a  fltdd 
state. 

Slags. — As  was  remarked  above,  the  composition  of  the  dags 
determines  the  quality  and  quantity  of  the  metal  produced ;  and 
if  considerations  of  economy  did  not  interfere  with  the  applica- 
tion of  fluxes,  other  than  natural  ones,  there  would  be  no  limit 
to  the  production  of  metals  in  quality  and  quantity.  Slags  are 
glasses  compounded  of  substances  which  melt  at  a  particular 
degree  of  heat  for  each  definite  composition.  The  study  of  the 
nature  of  slags  forms  the  science  of  smelting ;  the  metals  follow 
of  course  when  the  fluxes  are  correctly  compounded.  It  is  not 
always  the  case  that  metals  are  obtained  at  first  melting ;  some 
ores  are  first  converted  into  matt,  such  as  copper,  then  roasted, 
and  the  metal  extracted  by  a  series  of  roastings  and  smeltings. 
These  operations,  all  made  with  a  view  of  compounding  a  proper 
slag,  complicate  the  smelting  process  so  far  that  we  distinguish 
in  them  oxidizing,  melting,  reducing  or  smelting,  and  refining. 
Each  of  these  operations  involves  difierent  principles,  and  we 
shall  for  these  reasons  speak  of  them  before  treating  of  the  com- 
position of  slags. 

Oxidation. — When  sulphurets  which  cannot  easily  be  desul- 
phureted  by  roasting,  such  as  copper  pyrites,  are  to  be  smelted, 
we  either  melt  and  roast  by  atmospheric  air,  or  by  the  addition  of 
oxides  to  the  melted  mass.  When  iron  pyrites  is  melted  together 
with  the  oxide  of  iron,  a  large  portion  of  sulphur  is  evaporated  in 
the  form  of  sulphurous  acid,  and  the  remaining  sulphuret  of  iron 
when  exposed  to  the  atmosphere  is  easily  decomposed ;  part  of 
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it  is  conyerted  into  green  vitriol,  and  the  rest  forms  peroxide 
of  iron. 

The  oxidizing  operation  is  fsunlitated  either  with  or  without 
the  assistance  of  atmospheric  air,  by  all  the  highest  oxides  of 
metals,  such  as  oxide  of  lead,  peroxide  of  iron,  black  manganese, 
saltpetre,  common  salt,  silex,  water,  and  in  fact  any  substance 
which  gives  off  oxygen,  or  facilitates  an  absorption  of  atmospheric 
oxygen.  Oxidizing  smeltings  are  often  far  cheaper  than  roasting, 
aad  it  is  an  object  which  well  deserves  the  attention  of  the  me- 
talluigists  of  this  country;  it  requires  less  labor  and  fuel  to 
oxidize  sulphurets  in  this  manner,  than  by  roasting,  poimding, 
aB4  washing.  In  the  large  operation  we  cannot  employ  lithai^ 
or  saltpetre  as  a  means  of  oxidation,  because  they  are  too  expen- 
dve  but  instead  of  them ;  we  use  coarse  silex,  gypsum,  salt,  oxide 
of  iron,  or  black  manganese.  In  this  case,  it  is  all-sufficient  to 
mix  the  mineral  with  such  substances  as  cause  it  to  divide  and 
offi^.more  surface  to  the  atmospheric  air.  The  substances  used 
fi»  oxidation  are  dependent  entirely  on  the  quality  of  ore  and 
tl|e  mode  of  operation  in  the  subsequent  reducing  process.  If  we 
roast  galena  with  fine  silex,  which  of  course  will  soon  liberate  the 
le«4  fr^Ta  sulphur,  not  much  metal  can  be  obtained,  because  the 
sliig  formed  by  the  oxide  of  lead  and  silex  is  so  &r  infusible  as 
to.jKhnit  of  no  separation  of  the  lead  &om  it.  But  if  the  silex  is 
uaed  in  large  grains,  which  leaves  sufficient  spaces  for  the  globule 
of  melted  metal,  we  may  obtain  as  much  metal  in  the  presence  of 
an  excess  of  silicious  matter,  as  in  a  perfectly  fluid  and  alkaline 
dag.  This  of  course  excludes  the  possibility  of  a  fusible  slag, 
but  it  serves  as  an  illustration  of  the  principles  involved  in  smelt- 
ing. Any  other  substance  than  silex  may  serve  the  same  pur^ 
pose,  provided  it  has  no  affinity  for  that  which  is  to  be  removed 
by  evaporation,  and  is  sufficiently  refractory  to  resist  melting  with 
ti^  oxide  produced  by  that  metal  which  is  to  be  oxidized.  The 
most  extensive  application  of  oxidizing  melting  is  made  in  smelt- 
ing sulphurets  of  copper  in  reverberatory  furnaces.  In  this  case 
iron  must  be  always  present ;  this  metal  combines  with  sulphur 
more  readily  than  copper,  but  it  also  parts  with  it  more  readily, 
when  exposed  to  the  effect  of  the  oxygen  of  the  atmosphere ;  the 
oxides  of  iron  thus  formed  absorb  sulphur  fix)m  copper  as  long  as 
any  is  present ;  and  when  all  the  sulphur  is  expended  the  iron 
foxoes  the  copper  from  its  combinations  with  silex.  Common 
salt  is  profitably  employed  for  oxidation ;  all  chlorides  are  vola* 
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tile,  and  so  is  common  salt;  but  if  the  quantil^  tuied  is  sma]}|iaiod( 

it  serves  as  a  mere  assistant  in  the  operation,  it  will  long  vewt 
the  influence  of  heat,  particularly  in  alkaline  slags.  In  4he  pre- 
sence of  clay  or  lime,  common  salt  will  bear  a  high  heat  for  many 
hours  without  scarcely  evaporating.  Salt  to  the  amount  of  ,0119 
or  two  per  cent  in  the  slag,  will  resist  the  heat  of  a  puddling-fiii^ 
nace  for  24  hours,  without  being  expelled.  Sulphates  act  liks 
chlorides,  but  it  is  necessary  that  no  carbon  should  be  present.} 
the  latter  will  decompose  any  sulphate  in  a  melted  condition,  and 
it  ceases  then  to  act  as  an  oxidizing  agent  The  presence  of  ca& 
bon  &cilitates  the  evaporation  of  chlorides  also,  but  that  which 
remains  is  still  a  powerful  means  of  oxidation.  ..  , .  ,: 

The  oxidizing  operation  by  smelting  is  always  impex&oV 
that  is,  all  the  volatile  substances,  such  as  sulphur,  arsenic^ 
antimony,  and  phosphorus,  are  never  removed  entirely,  and  the 
metal  is  obtained  gradually.  The  presence  of  the  volatile  jdm/^. 
ter  serves  in  part  to  liquefy  the  slags.  By  these  means,  coppetr^ 
lead,  antimony  and  a  few  other  metals  may  be  obtained ;  but 
when  it  is  an  object  to  produce  all  the  gold  and  silver  contained 
in  an  ore,  every  particle  of  sulphur,  &c.,  should  be  removed,  and 
the  mineral  brought  to  the  highest  state  of  oxidation,  before  solh 
jecting  it  to  the  reducing  operation  with  carbon. 

Bedudng. — ^The  means  employed  for  obtaining  metals  from 
oxides,  and  other  compounds,  are  so  extensive  and  varied,  and  the 
apparatus  so  well  adapted  for  accomplishing  the  object  in  view,, 
that  speculations  on  this  subject  are  the  most  interesting  of  all 
branches  of  industry  to  which  intellect  may  be  applied.  As  rer. 
marked  before,  this  is  a  simple  operation.  Conducted  on  the  prin- 
ciples developed  by  chemistry,  the  mineral  may  require  water 
for  solution  or  heat ;  but  as  the  composition  of  minerals  is  ex- 
tremely variable,  the  means  employed  are  of  course  equally  sa 
The  heat  ranges  from  the  boiling  point  of  water  to  the  high- 
est attainable.  The  means  of  reduction  are,  metals,  and  to 
some  extent  the  oxides  of  the  heavy  metals,  alkalies  and  alkalina^ 
earths,  carbon,  hydrogen,  carburetted  hydrogen,  and  a  variety  of 
other  matter. 

By  Metals, — If  we  put  into  a  fluid  solution  of  sulphurets,  ar- 
seniurets,  or  oxides,  a  metal  which  has  more  affinity  for  sulphur, 
oxygen,  arsenic,  &c.,  than  one  of  the  metals  in  solution,  the 
latter  is  precipitated,  and  the  first  assumes  its  position  in  the 
Quid  mass,  provided  it  is  soluble.    If  it  is  not  soluble  it  will  stiK 
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the  substance  for  w]iich  it  has  most  i^ffinit^  frofia  tbe  me^ 
fli,  and  float  upon  the  reduced  metal,  provided  the  latter  is  heavier 
and  both  have  little  affinity  for  each  other.  .This  operation  must 
be  conducted  with  all  the  niceties  of  a  chemical  elperiment. 
When  sulphuret  of  lead  or  antimony  is  melted,  and  pure  niietallic 
inn  is  placed  in  contact  with  it,  the  iron  will  absorb  the  sulphur 
firom  these  metals  and  produce  them  in  their  pure  condition. 
L6ad  has  little  or  no  afi&nity  for  iron,  the  metal  produced  is  there- 
tcfrt  pure.  Antimony  combines  readily  with  iron,  and  if  the 
^tumtity  of  the  latter  is  larger  than  merely  to  absorb  the  sulphur, 
it  will  combine  with  iron  and  form  an  alloy.  In  the  first  case  it 
does  no  harm  if  more  iron  is  used  than  is  required,  but  in  the 
latter  it  is  injurious  to  the  metal  which  is  to  be  reduced.  The 
quantity  of  the  substance  used  for  liberating  metal  fix>m  its  com* 
binations  is  here  of  equal  importance  as  in  chemistry,  and  the 
same  laws  are  applied ;  the  quantity  increases  the  affinity.  When 
a  large  quantity  of  iron  is  present  in  copper  ores,  we  may  succeed 
in  obtaining  almost  all  the  copper ;  but  when  little  iron  is  in  the 
^g,  the  copper  has  such  affinity  for  either  volatile  matter  or  silex, 
iSist  a  large  per  centage  remains  in  the  slags,  which  can  be  recov* 
ewd  only  by  heavy  expense.  In  all  operations  of  this  kind,  we 
are,  therefore,  to  consider  the  affinities  and  also  the  amount  of  the 
inass. 

/• '  Bi/  Oxides. — When  a  mixture  of  potash  and  soda  is  melted, 
and  we  add  to  it  a  sulphuret  of  a  metal,  whose  basis  melts  below 
&e  heat  of  the  alkaline  sulphuret,  and  whose  sulphuret  is  not 
soluble  in  the  alkali,  we  obtain  a  certain  portion  6f  the  metal, 
and  often  the  whole  of  it.  Zinc  blende,  galena,  and  the  sulphu- 
irets  of  the  fusible  metals,  form  pure  metals  which  separate ;  but 
Iron  or  copper  pyrites  form  no  metal,  because  they  do  not  melt 
in  that  heat,  and  remain  either  as  oxides  or  sulphurets  in 
the  solution.  Sulphurets  of  gold,  platinum,  or  silver,  do  not  pro* 
duce  metals,  but  when  lead  is  present  a  part  of  these  metals  may 
be  obtained.  The  sulphurets  of  arsenic  and  tin  do  not  form  met- 
ids,  because  these  combinations  as  well  as  their  Oxides  are  soluble 
in  alkalies.  The  same  law  which  is  here  applied  to  potash  and 
soda,  is  applicable  to  the  alkaline  earths,  and  metallic  oxides 
when  these  form  fluid  slags.  lime  will  effectually  reduce  the 
iralphuret  of  any  metal,  but  as  the  heat  by  which  it  melts  is  very 
iigh,  we  can  produce  only  those  metals  which  do  not  evaporate 
at  that  heat    If  the  vapors  of  the  metal  are  equally  valuable  with 
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the  melted  metal,  such  as  quicksilver  and  zinc,  we  reduce  stdphiik 
rets  by  the  use  of  lime  successfully.  When  lime  is  used  tb  ex* 
oess  in  reducing  sulphuret  of  iron,  the  latter  may  be  freed  from 
sulphur  almost  entirely.  In  the  same  manner,  protoxide  or  mag* 
netic  oxide  of  iron  acts  upon  galena ;  if  the  iron  predominate 
and  becomes  fluid  at  so  low  a  heat  as  not  to  evaporate  the  leadjj 
all  the  lead  may  be  obtained.  The  application  of  these  principleB 
is  extremely  important  in  metallurgy,  and  it  deserves  moretti* 
tention  than  is  commonly  paid  to  it  Oxides  of  metals  cannot  bfa 
reduced  by  other  oxides,  unless  the  higher  oxidization  of  a  heW^ 
ly  formed  oxide  is  more  soluble  than  the  previous  one.  When 
oxide  of  lead  or  of  tin  is  cast  into  an  alkaline  silicate  of  irox^ 
some  metal  is  produced ;  this  is  not  because  the  higher  oxidiza* 
tion  of  iron  causes  the  slag  to  be  more  fluid,  but  because  some  of 
the  iron  may  be  more  highly  oxidized  without  interfering  with 
the  fluidity  of  the  cinder ;  the  addition  of  some  oxide  of  lead 
which  remains,  causes  it  to  be  more  fluid,  or  at  least  retain  its 
fluidity. 

Carbon, — Of  all  the  means  at  the  disposal  of  the  metallurgist 
carbon  is  the  most  available  for  reduction.  It  is  of  little  use  in' 
reducing  chlorides,  sulphurets,  and  arseniurets — ^for  these  metab 
are  necessary ;  but  as  most  minerals  are  in  the  form  of  oxidea; 
and  carbon  is,  in  the  high  heat  required,  a  strong  agent  in  re- 
moving oxygen,  it  is  generally  applied.  Hydrogen  is  also  an 
effective  means  of  reduction ;  but  as  its  compound,  water,  oxidized 
hot  metal  readily,  and  as  the  heat  by  which  it  operates  is  gene- 
rally too  low  to  melt  the  metal,  its  application  is  extremely 
limited.  Hydrogen  is  employed  in  some  cases,  in  its  combina- 
tions with  carbon,  to  reduce  oxides,  such  as  oxide  of  tin,  or  zinc; 
but  it  is  then  used  to  a  very  limited  extent,  such  as  the  small 
quantity  which  is  present  in  the  coal  employed,  whether  bitu* 
minous  mineral  coal  or  sofl  charcoal.  This  gas  has  in  many 
cases  a  decided  influence  on  the  smelting  operation,  as  we  shall 
see;  and  it  is  mostly  removed  by  charring  that  fuel  which  con- 
tains hydrogen  to  an  injurious  extent.  Carbon  is  particularly 
suitable  for  the  reduction  of  oxides  in  consequence  of  its  volatile 
compounds  wiA  oxygen,  and  its  harmless  combinations  with  the 
metal  produced.  The  results  of  the  deoxidizing  operation,  that 
is,  carbonic  acid  and  carbonic  oxide,  are  extremely  volatile,  Mid 
escape  without  any  injury  to  the  slags,  or  the  metal  produced. 
When  carbon  is  brought  in  contact  with  oxidized  ore,  and  there 
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W  sio  Other  oxygen  present  but  that  in  the  ore,  it  will  be  forced 
tQ  combine  with  that  When  a  mixture  of  carbon  and  ore  is 
^poaed  to  fire,  no  combiaation  between  the  ore  and  carbon  can 
e^ue,  because  both  are  rigid  and  the  particles  cannot  move ;  and 
fU9-motion  is  indispensable  in  any  chemical  operation,  no  combi- 
qatiou  between  carbon  and  the  oxygen  of  the  ore  could  happen, 
juiless  one  or  the  other  was  made  fluid  by  heat.  In  the  first 
place,  there  is  always  some  air,  particularly  oxygen,  in  the  pores 
of  charred  coal — also  in  the  pores  of  ore ;  this  oxygen  is  at  liberty 
to,  move  and  wiU  combine  with  carbon,  and  as  carbon  is  suffi- 
ciently abundant  the  combination  formed  is  carbonic  oxide. 
"Hiia  gas  will  combine  with  another  portion  of  oxygen  where  it 
fiads  such  at  a  sufficiently  high  heat ;  and  inasmuch  as  the  ore 
Q/earest  to  it  is  hot,  the  gas  will  absorb  oxygen  from  the  ore  and 
escape  in  the  form  of  carbonic  acid.  The  ore  thus  deprived  of 
Qxygen  produces  metal.  This  explanation  may  serve  in  all  those 
oasea  where  the  metals  readily  part  with  their  oxygen,  but  it  is 
not  sufficient  to  explain  the  reduction  of  metals  which  have  a 
strong  affinity  for  oxygen  and  even  melt  with  their  oxides.  For 
lliese  reasons  the  refractory  metals  are  smelted  with  fluxes,  which 
ijftlise  the  ores  to  become  fluid|  and  in  this  manner  they  are 
brought  in  close  contact  with  the  coaL  The  use  of  fluxes  is,  there- 
j^we,  not  confined  to  the  absorption  of  foreign  matter ;  it  is  highly 
valuable  in  accelerating  the  smelting  operation.  For  this  reason 
we  see  the  oxides  of  lead,  bismuth,  antimony,  nickel,  and  cobalt, 
reduced  very  readily ;  because  the  oxides  themselves,  or  mixed . 
with  fluxes,  form  fusible  slags  which  readily  flow  over  the  carbon 
and  cause  a  close  contact  between  it  and  the  oxygen.  Tin,  zinc, 
iron,  chromium,  and  manganese,  are  not  easily  reduced,  because 
their  oxides  are  very  refractory,  and  the  first  two  metals  evapo- 
rate in  that  heat  at  which  carbonic  acid  is  formed  from  their 
oxides ;  for  these  reasons  it  is  necessary  that  soft  charcoal  or 
Intuminous  coal  be  used  in  their  reduction.  Neither  the  oxides 
of  the  other  metals,  nor  the  metals  themselves,  melt  readily ;  but 
if  we  cause  the  oxides  to  become  more  fusible  by  adding  fluxes, 
apd  the  metals  by  alloying  them  with  a  substance  which  makes 
them  fusible,  we  may  produce  either  of  these  metals  very  readily. 
The  reduction  in  most  cases  takes  place  previous  to  melting — and 
it  is  in  fact  not  necessary  that  the  ore  should  be  melted  before  re- 
daction ensues ;  but  if  it  should  be,  it  facilitates  the  formation  of 
metaL 
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The  doctrine  that  carbonic  oxide  is  the  agent  in  the  pMSM 
of  reduction  is  not  objectionable,  so  &r  as  those  metals  are  eoHf^ 
cemed  which  are  not  oxidized  by  carbonic  acid^  and  which  d^ 
not  absorb  carbon.  This  theory  does  not,  therefore,  apply  geo^ 
erally.  Some  metals  decompose  carbonic  acid — ^they  cannot  te 
reduced  by  it  or  in  its  presence ;  others  again  absorb  carbon; 
which  neither  carbonic  acid  nor  the  carbonic  oxide  can  aflbrd; 
and  it  is  necessary  to  adopt  a  hypothetical  compound  of  carbott 
and  oxygen  in  order  to  explain  the  carbonized  state  of  BcnM 
metals,  such  as  iron,  lead,  manganese  and  others.  The  combina^ 
tion  of  carbon  and  metals  appears  to  be  in  most  cases  a  mere  me^ 
chanical  mixture,  and  it  cannot  be  assumed  that  the  affinity  of 
metals  for  carbon  is  so  strong  as  to  decompose  carbonic  oxidiK 
We  shall  illustrate  this  subject  by  referring  to  a  particular  cast 
in  which  carbon  is  of  peculiar  eflfect,  namely,  that  of  iron.  When 
iron  ore  is  smelted  in  a  blast- Aimace,  it  is  found  not  only  diffl^ 
cult,  but  almost  impossible  to  manufacture  gray  iron  firom.  mag- 
netic ore,  when  not  roasted  or  oxidized  previous  to  smelting.  It 
is  impossible  to  make  gray  iron  by  smelting  silicates  of  any  kind, 
such  as  forge  cinders  or  puddling-fumace  slag.  If  only  tAiit> 
presence  of  carbonic  oxide  was  required,  these  forms  of  iron:  ove) 
ought  to  furnish  gray  iron  as  well  as  any  other  ore,  for  the  ore  -a 
constantly  in  contact  with  that  gas  and  with  pure  carbon  alaa 
We  explain  this  by  referring  to  the  compact  form  of  the  oro: 
All  the  ores  which  are  compact  are  reduced  by  the  carbon  acting 
on  the  exterior  particles  of  the  lumps.  The  metal  formed  being 
fluid,  runs  off  by  accumulating  into  a  body,  which  is  in  that  form 
not  accessible  to  carbon,  or  capable  of  forming  any  compound 
with  other  matter,  because  the  points  of  attraction  and  contact 
are  wanting.  No  matter,  however,  what  the  rationale  of  this 
phenomenon  may  be,  the  fact  is  generally  known.  Porous  iron 
ores — spongy  hydrates — are  the  most  suitable  to  produce  gray  • 
iron — ^in  fact,  they  produce  it  as  a  necessary  consequence  of  their 
form.  If  the  latter  was  not  the  cause,  this  ore  would  be  as  little 
suited  to  form  gray  iron  as  any  other,  for  it  is  of  the  same  compoai* 
tion  as  specular  ore,  containing  generally,  however,  more  impurities 
than  the  latter;  still  it  is  very  difficult  to  make  gray  iron  of 
specular  ore,  and  in  fact  of  every  kind  of  compact  ore,  no  matter 
what  may  be  its  composition.  Compact  ore  may  be  either  per- 
fectly pure,  or  very  impure ;  neither  condition  renders  it  suitable 
to  form  gray  iron.    If  iron,  or  its  compounds,  are  in  a  porous 


GENEBAL  HETALLUBGIOAL  OPERATIONS.  908; 

QOndiMon^  there  is  not  the  slightest  difficulty  in  combining  them 
viifiL  carbon.  We  conclude,  therefore,  that  carbon  penetrates 
ioito  the  pores  of  ore  and  metal  in  a  solid  form ;  for  it  is  evident 
tbitt  spaces  are  required  to  bring  particles  of  carbon  in  contact 
with  particles  of  ore,  or  the  compact  ores  would  form  gray  iron 
qiiile  as  well  as  porous  ores. 

:  Jj^  porosity  of  the  ore  or  metal  is  an  essential  condition  of 
Oiurboni2sing  it,  then  it  is  evident  that  carbonic  oxide  gas  cannot 
iMve  the  power  of  conveying  solid  carbon  to  the  metal,  for  that 
gas  will  penetrate  less  porous  bodies  than  iron  ores  of  a  compact 
fbinn.  When  carbonic-oxide  gas  is  the  agent,  it  will  carbonize 
iion  wherever  it  finds  it  in  a  proper  condition ;  for  if  it  is  fluid, 
aU  the  requisites  of  combination  are  presented.  Still,  we  know 
by  experience  that  pure  carbonic  oxide  will  not  carbonize  iron  in 
the  converting  box  of  the  steel  manufacturer ;  it  requires  the  im* 
liiediate  contact  of  solid  carbon  and  solid  iron  to  form  a  carburet 
Jj^osx  may  be  carbonized  and  decarbonized  when  in  a  fluid  state, 
biit  the  operation  is  extremely  slow,  and  cannot  be  supposed  to 
happen  in  a  blast-furnace  where  the  melted  metal  sinks  down  into 
the  hearth  rapidly.  We  assume,  therefore,  which  assumption  is 
exported  by  experiment,  that  carbon  in  a  solid  form  is  deposited 
in  the  pores  of  the  ore  before  it  is  melted,  and  that  in  melting 
the  cohesion  of  the  metal  brings  the  carbon  into  so  dose  contact 
with  the  metal  as  to  force  it  into  its  pores  and  effect  a  imion« 
The  carbonizing  of  iron  in  the  converting  box  presents  no  ob- 
jection to  this  theory,  as  we  shall  see  hereafter. 

When  carbon  is  present  in  the  ore  before  it  is  melted,  how 
does  it  get  there?  how  is  it  deposited  in  that  form?  Carbonic^ 
oxide  cannot  deposit  carbon,  for  it  flnds  abundance  of  oxygen, 
in  the  ore  to  combine  with,  and  will  naturally  form  carbonic 
acid.  But  supposing  carbonic  oxide  was  decomposed  in  the 
pores  of  the  ore,  the  result  must  be  carbonic  acid  in  all  cases^ 
'vrhich  is  evidently  not  the  fact  in  the  blast-furnace,  for  we  find 
the  latter  filled  with  carbonic  oxide  nearly  to  its  top ;  at  least  so 
ftr  down  as  any  carbonio  acid  is  formed  no  perceptible  alteration 
is  observed  in  the  ore.  From  the  lowest  point  where  carbonic 
acid  ceases,  downwards,  the  effect  of  carbon  commences,  the  ce- 
mentation of  ore  goes  on,  and  still  there  is  little  or  no  carbonic 
acid  gas  in  the  furnace.  A  cold  plate  is  blackened  when  held  over 
the  flame  of  a  clear  burning  candle ;  solid  carbon  is  deposited 
firom  the  gaseous  solution  of  the  flame.    It  may  be  objected  to 
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liiis  parallel  example,  that  in  the  flame  of  oil  and  of  fitt 
an  abmidance  of  hydrogen,  which  holds  carbon  in  solntioiL  Mi^ 
not  carbonic  oxide  have  a  similar  effect  on  carbon  as  hydiogga 
when  at  a  high  heat  ?  The  solvent  power  of  this  gas  for  ctabatk 
may  be  very  feint,  e:risting  only  at  a  high  heat,  and  being  d«- 
stroyed  at  a  diminution  of  that  heat  The  operations  of  tbi 
blast-fomace,  the  mode  in  which  the  blast  is  introduced,  and  llie 
appearance  of  the  ore  and  gas  in  the  fiimace,  confirm  this  iheoiy 
of  carbonizing  iron.  We  shall,  in  subsequent  pag^  allude  t» 
this  subject  again.  ^ 

AUoys. — li  we  adopt  the  foregoing  theory  for  combining 
bon  with  metals,  we  obtain  at  once  a  clear,  comprehensive 
of  the  conditions  under  which  alloys,  and  the  various 
tions  of  metals  and  other  substances,  may  be  formed ;  and  m 
these  combinations  are  of  the  utmost  importance  to  the  metallvn^ 
gist,  they  are  well  worth  the  trouble  of  a  close  examination*  Ji 
is  not  only  the  combination,  but  also  the  separation  of  such  oomp 
binations,  which  are  of  interest.  The  above  demonstration  rfKTM 
at  once  under  what  conditions  alloys  may  be  formed,  even  if  llie 
aflBjiities  and  other  relations  are  averse  to  any  combination.  We 
may  melt  pure  iron  and  arsenic  metal  together  as  long  as  IM 
please,  no  union  of  the  two  can  be  effected ;  the  arsenic  ev^M^ 
rates  before  the  iron  is  suflBciently  hot  for  its  combination*  But 
if  we  heat  fine  iron  filings  and  arsenious  acid  with  carbon,  at  &Vt 
gently,  we  may  melt  both  together  very  readily  and  obtain  an 
extremely  fusible  arseniuret  of  iron.  This  operation  is  still  more 
easily  performed  if  we  heat  borings  of  gray  cast-iron  and  arseni* 
ous  acid  together.  And  this  alloy  may  be  produced  in  any  form 
or  compound  which  we  choose,  if  we  mix  arsenious  acid,  oxidd 
of  iron,  and  carbon  in  grains  together,  and  bring  the  various  par» 
tides  in  close  contact  before  heating,  by  moistening  the  mixtdre 
with  a  weak  solution  of  potash  or  soda,  and  drying  the  whole 
before  smelting.  A  very  slight  heat  will  melt  this  alloy,  and  all 
the  iron  in  the  mixture  is  readily  obtained  under  a  cover  of  car- 
bon. The  most  refractory  metals  may  thus  be  made  fusible,  and 
obtained  from  their  ores,  and  the  facility  with  which  they  are 
produced  depends  on  the  arrangement  which  we  have  made  be- 
fore smelting  is  commenced.  Chromium  is  very  refiractory,  but 
if  we  mix  its  oxide  with  carbon  and  a  little  phosphoric  acid,  and 
moisten  the  mixture  with  an  alkaline  solution,  so  as  to  bring  all 
the  ingredients  into  close  contact  before  smelting,  we  obtain 
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-^hnnnium  at  a  low  heat  in  a  perfect  button,  which  is  of  course 
Adulterated  by  phosphorus.  It  is  extremely  tedious  to  reduce 
|xitash  so  as  to  obtain  potassium  in  a  pure  form,  but  there  is  not 
Ae  slightest  difficulty  in  combining  antimony  with  potassium  to 
•^laige  extent ;  and  if  it  was  an  object  to  produce  potassium  on  a 
kffge  scale,  some  means  may  be  devised  to  separate  the  two 
fdetals.  These  relations  show  distinctly  by  what  means  and 
modes  combinations  of  metals  and  other  substances,  or  metals 
ctnong  themselves,  may  be  effected.  If  we  had  it  in  our  power  to 
form  perfectly  pure  oxide  of  iron,  and  mix  it  with  perfectly  pure 
Offbon,  and  exclude  any  other  matter,  such  as  silex,  from  comin'g 
m  contact  with  the  mixture,  steel  might  thus  be  formed  to  per- 
iMStion.  But,  as  one  of  the  first  conditions  in  thus  producing 
oleel  is  the  absence  of  all  other  matter  except  pure  carbon  and 
pQie  oxide  of  iron,  we  may  reasonably  doubt  the  possibility  of 
{iroducing  good  steel  by  these  means,  because  on  a  large  scale 
nfii&er  oxide  of  iron  nor  carbon  can  be  obtained  sufficiently  pure, 
ft  is  therefore  necessary  to  produce  metallic  iron  in  that  form  in 
irfaich  it  has  the  least  impurities, — ^that  is,  pure  wrought-iron, — 
nd  cement  it  in  such  a  manner  that  other  substances  than  those 
iriiieh  are  volatile  cannot  come  in  contact  so  as  to  penetrate  its 
UMB.  When  iron  melts  by  excess  of  heat  in  the  converting 
but,  it  is  changed  into  impure  cast-iron,  of  which  steel  cannot  be 
Mtde ;  in  this  fiuid  state  it  absorbs  so  much  silex  from  the  char- 
eool  as  to  form  a  brittle  compound. 

r  When  metals  are  in  intimate  connection  with  other  matter, 
tbcy  are  in  the  best  state  to  form  new  compounds.  When  an  al- 
loy is  melted  and  mixed  with  another  alloy,  or  a  compound, 
ihib  particles  vrill  combine  according  to  their  predisposition; 
dective  affinity  is  quite  as  active  here  as  in  any  chemical  pro- 
cess performed  under  different  circumstances.  When  melted 
galena  is  passed  over  red-hot  pure  iron,  metallic  lead  and  sul- 
phuret  of  iron  is  produced ;  and  when  fluid  carburet  of  iron 
(gtsy  cast-iron)  is  poured  into  fluid  litharge,  iron  and  metallic 
tead  are  produced.  When  an  alloy  of  lead  and  tin  is  mixed  with 
melted  iron,  the  latter  will  combine  with  the  tin  and  separate  the 
lead.  Gray  cast-iron,  mixed  with  a  silicate  of  iron,  will  reduce 
9P  much  of  the  oxide  of  iron  as  its  carbon  indicates ;  this  opera- 
tion is  often  accidentally  performed  in  the  puddling-fumace  of 
the  iron  works. 
.  From  these  speculations  it  is  easy  to  infer  the  great  impor- 
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tance  of  the  composition  of  the  slags  for  the  puri^  of  tli6  xnetsl^ 
produced.  In  all  smelting  operations,  slags  must  be  formed  itt- 
order  to  remove  the  impurities  of  the  ore ;  and  when  carbon  or. 
any  other  substance  is  combined  with  the  metal  produced,  and  iha£ 
may  be  retained  in  the  cinder  when  the  metal  passes  through  ilj^ 
in  most  cases  the  carbon,  &;c.,  will  change  places  with  some  sub^^ 
stance  in  the  slag.  The  metal  is  thus  adulterated  with  the  suV 
stance  taken  &om  the  slag.  This  subject  is  of  extreme  imp(»>^ 
tance,  and  we  shall  refer  to  it  whenever  occasion  demands.  ; 

.  Separation  by  Weight. — In  reducing  metals  from  their  oresj  it 
must  be  the  aim  of  the  operator  to  form  globules  and  at  the 
same  time  form  such  spaces,  through  which  they  may  descend.  Li 
a  mixture  of  ore  and  carbon,  if  the  latter  is  so  fine  as  to  prevent  the^ 
descent  of  the  metal,  this  may  be  perfectly  reduced,  and  still  nO; 
accumulation  ensues ;  this  happens  particularly  when  an  excesa 
of  carbon  is  iised,  and  as  this  is  inevitable  in  large  operations,  it 
is  advantageous  to  select  the  coals  in  coarse  parts.  The  larger 
these  globules,  the  size  of  which  is  £icilitated  by  coarse  carbon,  ^e 
faster  their  descent  will  be.  When  small  globules  reach  a  mass 
of  fluid  slag,  and  arc  too  small  to  penetrate  it,  they  will  remuir 
on  its  surface,  and  even  may  be  suspended  within  the  body  of 
it.  This  phenomenon  happens  frequently  at  blast-furnacea; — 
it  may  be,  at  those  for  smelting  lead,  copper,  or  iron ;  a  stiff 
slag  will  always  retain  metal  in  round  grains,  which  is  oftea 
found  to  amount  to  a  considerable  portion  of  all  which  is  pro-, 
duced.  K the  slags  are  thrown  away,  this  metal  is  entirely  lost; 
but  it  may  be  recovered  by  pounding  and  washing  the  slags.  At 
iron  furnaces  tliis  loss  amounts  in  an  average  to  five  per  centy 
often  more ;  it  is  considerable  at  copper  and  lead  furnaces,  and 
in  fact  cannot  be  avoided  in  any  smelting  operation.  The  larger^ 
the  globules  of  metal,  the  less  are  they  liable  to  be  retained  by. 
the  slag.  It  is  therefore  disadvantageous  to  use  too  small  coal, 
or  form  a  stiff,  tenacious  slag. 

Slags. — The  form  of  slags,  their  fluidity  and  composition|  is 
of  so  much  importance  to  the  metallurgist,  that  too  much  atten-, 
tion  cannot  be  paid  to  this  subject.  In  previous  pages  we  have 
alluded  to  it,  so  far  as  assays  are  concerned,  and  shall  confine 
our  remarks  here  to  operations  on  a  large  scale.  The  substances 
of  which  slags  are  formed  are  chiefly,  silex,  as  the  acid,  and  the 
metallic  oxides  as  bases  or  alkalies.  Besides  silex,  we  find, 
hawever,  carbonic  acid,  chlorine,  sulphuric  acid,  fluorine,  phos- 
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l^oric  acid,  and  others  in  the  slags ;  also  sulphur  and  phospho- 
ros.  The  alkalies  are  chiefly,  oxide  of  iron,  the  oxides  of  man- 
ganese, lead,  and  copper ;  the  alkaline  earths  are  claj,  and  such 
fixed  alkalies  as  are  brought  into  the  mixture  accidentally,  either 
by  the  ore  or  by  the  fuel.  The  substances  which  are  added  to 
an' ore,  in  order  to  separate  the  metal,  are  fluxes,  of  which  the 
number  is  very  limited,  because  considerations  of  economy  com-' 
pel  the  smelter  to  confine  his  selections  to  a  small  number  of 
minerals  and  artificial  ingredients.  The  most  common  fluxes 
in  use  are  limestone,  oxides  of  iron,  and  iron  pyrites;  silicioiis 
or.  ferruginous  slates  and  shales ;  clay ;  fluor  spar ;  black  man- 
miese ;  common  salt ;  and  a  few  other  substances. 

'  Fusibility  of  Slags. — The  degree  of  heat  at  which  slags  melt 
w  yery  different  for  different  compositions,  and  ranges,  as  re- 
marked before,  between  the  boiUng  point  of  water  and  the  high- 
est attainable  heat.  When  it  is  the  object  to  liquify  silex,  the 
only  agents  by  which  to  do  it  effectually  are  potash,  soda,  lime, 
oxide  of  lead,  oxide  of  iron,  and  manganese.  The  presence  of 
phosphoric  acid  or  chlorine  will  not  add  to  the  capacity  of 
l^iese  substances  for  dissolving  silex,  but  as  their  combinations 
with  metals  are  very  fusible,  they  increase  the  fluidity  of  the 
fliL»g;  this  alludes  particularly  to  those  slags  which  contain  an 
abundance  of  metallic  oxides.  It  cannot,  therefore,  be  the  ob* 
ject  to  dissolve  silex  by  any  such  acid,  but  to  cause  the  bases  to 
be  more*fluid,  and  by  that  means  compel  the  imperfectly  dissolv* 
e4  silex  to  float  more  freely  in  the  slags.  The  application  of 
d^er  acids  than  silex  is  limited  to  low  heats  only,  because  they 
generally  evaporate  before  certain  combinations  or  reductions 
<»n  be  effected.  Protoxide  of  iron  is  the  substance  most  gener- 
ally used  for  dissolving  silex,  not  because  of  its  fusibility,  but 
because  it  can  be  obtained  abundantly  in  every  place,  its  cheap- 
ness being  the  cause  of  its  general  use.  Lime  is  next  in  importance 
to  oxide  of  iron  as  a  flux,  but  it  does  not  form  quite  as  fiisible  a 
slag  with  silex  as  iron  or  manganese ;  and  metals  which  cannot 
bear  a  high  heat,  cannot  be  fluxed  by  means  of  lime,  magnesia, 
day,  and  similar  substances.  The  fusibility  of  sulphurets  is  in 
many  instances  resorted  to  as  a  means  to  form  slags,  but  these 
cannot  dissolve  silex,  and  so  far  as  the  latter  substance  is  remov- 
ed by  sulphurets,  it  is  only  by  its  being  suspended  in  the  fluid 
ifaass  and  rendered  more  fluid.  Yet,  all  these  heterogeneous  sub- 
stances may  be  united  in  a  slag  and  form  a  perfectly  fluid  mass ; 
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and  it  is  an  important  &ct  to  be  known  in  metallurgical  operatieM^ 
that  all  compounds  are  more  fusible  than  single  elements,  and  all 
slags  increase  in  fiisibihtj  as  their  number  of  elements  increase 
This  rehites  to  metals  and  alloys  as  well  as  to  slags;  and  on  thk 
principle  all  operations  must  be  conducted. 

Lime  and  silex  are  not  very  easily  melted ;  day  and  siklL 
show  hardly  any  signs  of  melting ;  but  lime,  day  and  silez  mek 
very  readily  together.  Protoxide  of  iron  and  silex  form  a  ftvi- 
ble  slag,  but  when  manganese,  or  lime,  or  soda,  or  potash  is 
added,  the  fusibility  of  the  slag  is  remarkably  augmented.  Jji$XL 
cases,  the  fusibility  of  a  compound  of  various  slags  is  greater 
than  the  mean  Nihility  of  the  whole,  when  considered  as  meUi^ 
by  themselves.  If  a  compound  of  lime  and  silex  mdts  at  8000^, 
that  of  protoxide  of  iron  and  silex  at  2000^,  and  that  of  a  silioate 
of  oxide  of  lead  at  1000°,  the  mean  heat  of  the  three,  by  which 

they  will  melt  when  mixed  together,  is  not  ^^^^^^^"^"^^^^  =  2000* 
as  their  various  degrees  indicate,  but  it  may  be  only  1600°,  a^d 
in  this  case  even  lower  than  that.  The  greater  the  number  of 
elements  in  a  slag,  the  more  fusible  it  becomes ;  it  is,  thereforcL 
of  the  utmost  importance  in  all  smelting  operations  -to  multiply 
the  kind  of  ores;  this  produces  fusible  slags  and  fusible  metflii|i 
In  smelting  iron,  copper,  lead,  and  all  other  metals,  these  rul^ 
are  very  well  known  by  experienced  smelters,  and  attended  to ; 
still  they  are  not  so  much  observed  at  the  furnaces  as  they  shoiild 
be.  As  foreign  matter  has  a  decided  influence  upon  somfe  metals^ 
it  requires  extreme  caution  in  the  selection  of  fluxes  for  certaiii 
kinds  of  metal.  A  flux  which  contains  phosphorus  will  not  in 
the  least  interfere  with  the  quality  of  lead,  but  does  great  harm 
to  iron,  less  to  copper,  and  none  at  all  to  silver  or  gold.  THie 
presence  of  arsenic  in  an  iron  ore  causes  cast-iron  to  be  very  short 
and  hard,  but  it  has  a  beneficial  influence  in  making  wrought- 
iron  J  this  substance  cannot  be  removed  from  silver  but  by  a 
tedious  refining  process ;  it  acts  in  the  same  manner  with  lead. 
Sulphur  is  very  injurious  to  iron  and  copper,  but  has  no  effect 
whatever  on  lead ;  silver  and  gold  arc  more  or  less  affected  by 
its  presence.  The  selection  of  fluxes  must  be,  therefore,  made 
with  some  discrimination  and  judgment  in  these  respects. 

Slags  should  be  as  fusible  as  the  metal  which  is  to  be  smdt- 
ed  with  their  assistance.  If  they  are  more  refractory  than  the 
metal,  the  slag  causes  it  to  assume  a  heat  by  which  more  or  less  erf 
it  is  evaporated.    The  slags  must  be  so  compounded  that  the  flux 
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.wjodch  is  added  to  the  ore  has  more  affinity  for  the  foreign  mat- 
^ter  than  for  the  oxide  of  the  metal,  or  the  metal  itself,  which  is 
to  be  produced.  In  the  mean  time  the  new  compound  formed 
bj  the  flux  and  the  foreign  matter  ought  to  be  more  fusible  than 
the  metal,  so  as  to  float  down  before  the  metal  is  perfectly  melted. 
In  some  instances,  namely,  in  those  where  the  metal  is  to  be  car- 
bonized, this  rule  is  not  applicable,  for  it  invariably  removes  the 
caibon  from  the  metal  By  means  of  such  a  fluid  slag  any  kind 
H>f  impurities  may  be  removed  from  the  metal  when  properly  at- 
tended to.  Another  advantage  of  a  fusible  slag  is  the  saving  of 
iaely  for  in  this  instance  there  is  no  need  of  raising  the  heat  beyond 
/the  melting  point  of  the  metal. 

■'"  Learned  men  have  demonstrated  that  certain  quantities  of 
particidar  matter  are  required  to  form  the  most  fusible  compound. 
There  is  no  doubt  that  certain  laws  regulate  the  formation  of 
dags,  which  have  evidently  a  strong  bearing  upon  the  results  of 
metallurgical  operations,  but  in  smelting  we  cannot  pretend  to 
the  niceties  of  the  laboratory,  and  it  is  quite  sufficient  if  we  ap- 
proach the  laws  strictly  regulating  this  subject  When  a  slag  is 
tough  and  tenacious  it  requires  an  alkali  to  make  it  more  fluid ; 
j|nd  if  it  is  hard  and  brittle,  inclined  to  chill,  it  requires  an  add  to 
flux  it  In  many  cases  the  addition  of  other  slags,  so  as  to  in- 
crease the  quantity,  causes  the  slag  to  be  more  fusible,  and  affords 
l^t  the  same  time  a  protection  to  the  metal.  We  shall  speak  more 
particularly  on  this  subject  in  the  various  places  on  smelting  met- 
als^ but  will  here  allude  to  a  few  facts  which  indicate  the  import 
tance  of  composition. 

A  slag  taken  from  a  blast  furnace  for  smelting  iron,  and  which 
was  composed  of  50  silex,  17  alumina,  30  lime,  and  8  protoxide 
of  iron,  melted  by  2576° ;  but  when  the  ingredients  forming  this 
slag  were  put  together,  finely  powdered  and  mixed,  and  then  ex- 
posed to  heat,  it  required  3400°  to  form  a  slag  of  them.  This 
shows  how  much  more  heat  is  required  to  melt  a  crude  mixture, 
than  to  melt  a  compound  in  which  the  particles  are  already  ar- 
ranged. It  shows  at  the  same  time,  that  when  the  flux  or  a  part 
of  the  flux  is  soluble  in  water,  it  ought  to  be  dissolved  so  as  to 
bring  it  and  the  ore  in  close  contact  before  exposing  them  to  the 
influence  of  heat.  Another  composition  of  iron  slags,  which  con- 
sisted of  58  silex,  6  clay,  2  protoxide  of  iron,  2  protoxide  of  man- 
ganese, 10  magnesia,  and  22  lime,  required  the  same  heat  as  above 
for  softening  it,  namely,  8400°.    The  heat  by  which  it  was  kept 
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in  fusion  was  also  similar  to  the  above,  namely,  2600^.  Ski|; 
from  a  lead  inmace,  which  was  held  in  a  fluid  condition  bjji 
heat  of  2400^,  required  2650^  for  softening  the  ingredients  of  ito 
composition.  That  slag  was  composed  of  36*5  silex,  40*5  pKt 
toxide  of  iron,  8*5  alumina,  4*  lime,  8*  magnesia,  7*5  oxide  of  lead. 
A  slag  from  a  copper  smelting  furnace,  for  crude  copper,  containifl 
82'7  silex,  60*8  protoxide  of  iron,  7  alumina ;  this  was  held  in  n 
fluid  state  by  2400^,  and  required  2700^  for  melting  the  ingsedh 
ents  of  which  it  was  composed.  We  see  here  that  the  smaUcxr;  Ihe 
nimiber  of  elements,  the  less  readily  a  mixture  melts.  ■ . :  *a 

In  order  to  compare  the  above  degrees  of  heat  by  wUdi  tbe 
slags  are  melted  and  kept  in  solution,  with  the  degrees  of  he9t  hj 
which  metals  melt,  we  annex  the  following :  gold  melts  by  20009, 
silver  by  1870°,  lead  630°,  cast  iron  2500°  to  8000°,  and  plaliM 
4580°.  .  ..•/ 

Oeneral  Beflections  an  Smelting. — In  order  to  obtain  a  dear  ii^ 
sight  into  smelting  operations,  it  is  necessary  to  analyze  eackpio* 
cess,  and  each  part  of  that  process  and  observe  what  influence 
certain  causes  produce  upon  the  metal.  Here,  as  every  where,  ii 
is  difficult  to  reason  from  effect  to  cause,  and  therefore  we  follow 
the  other  way  of  arriving  at  conclusions.  And  if  we  apply  itlit 
well-known  laws  of  chemistry,  with  due  regard  to  temperaituiie^ 
we  will  hardly  ever  fail  of  coming  to  correct  conclusions  in  our 
experiments.  Of  the  metals,  copper  has  the  strongest  affinity  for 
sulphur ;  then  follow  iron,  tin,  zinc,  lead,  silver,  antimony,  arsenia 
As  shown  here,  copper  has  a  stronger  affinity  for  sulphur  thaa 
iron,  and  still  copper  is  desulphuretted  by  iron,  simply  becauae 
of  the  mass  of  iron  present ;  if  the  latter  does  not  predominate^ 
sulphur  cannot  be  removed  from  copper  by  iron.  This  is  no  ex^ 
ception  to  the  law  for  disengaging  sulphur,  for  it  is  very  well  known 
that  affinity  is  increased  by  mass.  The  alkaline  earths  and  fixed 
alkalies  have  still  more  affinity  for  sulphur  than  these  metals; 
and  still  they  cannot  remove  the  sulphur  from  most  of  these  metr 
als.  Sulphurets  of  zinc,  copper,  or  iron,  cannot  be  decomposed 
by  melted  potash,  at  least  no  metal  is  produced  to  any  extent ; 
galena  may  be  reduced  entirely  by  it.  The  reason  is,  that  metal"- 
he  lead  is  more  fusible  than  its  sulphuret,  and  wiU  separate  at'^ 
lower  heat  then  will  melt  the  latter  in  potash.  Sulphuret  of  copr 
per,  or  iron,  does  not  dissolve  in  potash.  The  latter  absorbs  aoxne 
of  the  sulphur,  but  still  leaves  the  metals  with  so  much  remain* 
ing  as  not  to  form  pure  metal.    If  the  copper  or  iron  were  more 
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.fiisible  than  the  solphuret  suspended  in  the  potash,  it  would  co- 
agulate, form  globules,  and  separate  in  the  metallic  state.  Some 
metals  are  not  formed  of  sulphurets,  even  if  an  abimdance  of 
alkali  is  present,  imtil  carbon  is  brought  in  contact  with  them. 
^Of  this  kind  are  lead,  copper,  and  some  others.  lime  forms 
jnlphates  of  lead,  and  lime  of  galena,  and  only  a  small  portion  of 
.metal  is  separated ;  but  if  carbon  is  added  sufficient  to  decompose 
these  sulphates,  nearly  all  the  metal  may  be  obtained  from  its 
jrtdphuret  In  some  instances  the  fusibility  of  two  united  sub- 
stances is  resorted  to  in  order  to  dissolve  the  one.  Sulphurets 
:are  not  soluble  in  chlorides,  neither  are  silicates,  pho^hates, 
ift  borates,  and  still  a  silicate  with  some  chloride  is  extremely 
(fluid;  a  sulphuret  may  be  perfectly  mixed  with  chloride  in 
•the  heat  of  a  grate  fire ;  but  as  soon  as  the  mass  is  cooled  and 
water  poured  on,  both  separate.  The  cause  is  here  obvious :  sul- 
phurets and  chlorides,  are  both  soluble  in  heat,  but  not  in  water, 
-in  which  only  the  latter  is  dissolved ;  and  as  no  affinity  exists 
between  the  two,  both  separate  very  readily.  Still  this  compound 
{)erforms  in  it  smelted  condition  all  the  services  of  a  slag. .  Carbon- 
ate of  soda  is  no  solvent  for  any  sulphuret;  it  will  melt,  and  the 
mlphuret  will  melt ;  both  may  be  mixed  together,  but  no  decom- 
position ensues ;  but  if  carbon  is  introduced,  so  as  to  decompose  the 
<sarbonic  acid,  and  liberate  the  caustic  soda,  it  will  absorb  sulphur 
and  produce  metal,  in  many  cases  provided  the  metal  is  fusible 
in  the  heat  which  is  applied.  Copper  may  be  reduced  by  these 
means.  Iron  cannot  be  melted,  at  least  but  very  imperfectly, 
^cmder  a  cover  of  potash  or  soda,  because  these  substances  will 
4&vaporate  before  the  metal  is  melted.  If  carbon  or  sulphur  is 
present  in  the  iron,  we  may  succeed  somewhat  better,  but  still  im- 
Jwrfectly.  If,  however,  a  posphate  is  present,  either  in  the  iron 
br  in  the  flux,  and  also  carbon  sufficient  to  reduce  the  phosphate, 
iron  may  be  melted  easily  imder  a  cover  of  potash  or  soda.  The 
metal  of  course,  which  is  the  result  of  this  operation,  is  very 
brittle,  and  a  phosphuret,  but  it  is  chiefly  iron.  There  is  not 
the  slightest  difficulty  in  removing  any  quantity  of  impurities 
from  a  metal,  by  means  of  matter  which  has  more  affinity  for 
these  substances  than  the  metal  itself.  This  implies  always  the 
condition  that  the  metal  should  be  fusible  at  the  same  degree  of 
tieat,  or  nearly,  at  which  the  slag  is  frisible ;  also  that  it  should  not 
evaporate  by  that  heat. 

Sublimation. — Metals  which  are  very  volatile  cannot  be  ad- 
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yantageously  smelted ;  they  are  distilled,  and  in  some  eases  *8iilP 
limation  is  resorted  to.  There  is,  not  the  slightest  difSctdly  in 
smelting  zinc,  under  a  cover  of  carbonate  of  soda  and  potash,  witk'' 
carbon.  But  such  a  flux  is  expensive ;  and  when  not  closely 
tended  to  while  fluid,  the  loss  is  greater  than  the  value  of 
metal  obtained.  It  is  for  these  reasons  found  to  be  cheaper  ¥h^ 
mix  the  oxide  or  carbonate  of  zinc  with  carbon,  and  distil  it;^ 
or  to  mix  the  zinc  blende  with  iron,  and  perform  the  same  opctli-^^ 
tion.  The  heat  applied  in  these  processes  is  by  fitr  higher  tiuoeP 
it  is  in  smelting,  and  may  cause  the  use  of  ten  times  ajs  mxicik' 
fuel ;  still,  it  is  asserted  that  distillation  is  cheaper  than  smelttBg.'- 
Mercury  is  jBrequently  produced  by  simple  sublimation,  withoi^ 
the  addition  of  flux  or  coal ;  so  also  is  arsenic.  But  in  mofltiii-' 
stances,  carbon  and  such  substances  as  decompose  the  ore,  aM  • 
added  to  it 

Refining. — The  methods  of  refining  metals  are  so  various  thst 
a  full  description  of  them  must  be  postponed  to  the  third  part  of 
the  work :  a  mere  allusion  to  the  subject  is  here  sufficient     Be- . 
fining  gold  and  silver  is  done  in  large  or  small  reverberatorf " 
furnaces,  of  which  the  bottom  forms  a  cupel.     Copper  or  lead  ai 
refined  in  reverberatories  by  melting,  and  the  addition  of  fluxes; : 
Tin  is  purified  in  reverberatory  furnaces,  and  also  in  iron  pote^ " 
being  stirred  by  wood  so  as  to  oxidize  its  impurities.     Zinc  is '' 
refined  in  the  same  manner  and  bv  the  same  means.     Iron  is  re* ' 
fined  in  charcoal  forges,  in  run-out  fires,  in  reverberatories,  and 
in  puddling  and  reheating  furnaces. 

Liquefaction. — This  is  a  delicate  operation,  but  it  is  of  grral  • 
utility.     Bismuth  is  obtained  by  liquefaction.     If  the  ore  of  this 
metal  is  heated  with  proper  fluxes  and  in  a  proper  apparatus  . 
to  a  degree  of  heat  which  will  melt  the  bismuth  only,  it  will  . 
flow  out  from  the  ore,  and  form  metal  without  the  rocky  and 
foreign  matter  being  converted  into  a  fusible  slag.     Antimony 
may  be  obtained  by  the  same  means,  and  in  fact  every  kind 
of  metal,  provided  the  remains  of  the  ore  do  not  melt  partially 
so  as  to  inclose  grains  of  metal  in  a  refractory,  pasty  cinder.  . 
As  a  mode  of  refining,  it  is  chiefly  used  in  separating  silver  finom 
copper.     When  11  parts  of  lead  are  melted  with  8  parts  of  ar- 
gentiferous copper,  and  this  alloy  is  cooled  slowly,  the  lead  and 
silver  may  be  made  to  flow  out  from  the  copper  and  lead ;  and 
the  fluid  lead  thus  obtained  contains  all  the  silver.     The  mode  of 
operation  in  this  case  is  generally  to  melt  lead  and  copper  per- 
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fecUj,  then  cool  it  slowly.  The  copper  and  lead  alloy,  being  the 
iBOst  Te£ractory  of  the  compound,  will  crystallize  first,  and  the 
silver  and  lead  last  When  this  combination  of  lead  and  silver, 
aisd  the  combination  of  lead  and  copper,  is  heated  in  a  proper  ap- 
paratus, the  first  will  fiow  out  at  a  certain  heat  and  leave  the 
otixeTj  which  remains  as  a  skeleton  of  the  form  of  the  whole  body 
of  alloy.  Impure  tin  is  refined  on  the  same  principle ;  when  a 
p^  of  tin  is  laid  on  the  highest  part  of  the  sloping  hearth  of  a 
rpverberatory  furnace,  and  gently  heated,  the  pure  tin  flows  out 
fiisit^.and  leaves  behind  a  skeleton  of  iron,  copper,  and  other 
TJo^i^tiBf  which  do  not  melt  at  a  low  heat,  and  which  are  removed. 
Uhia.  principle  may  be  applied  for  the  separation  of  metals  by 
filtration;  when,  for  instance,  alloy  is  brought  upon  a  body  of 
saod,  bone-ashes,  lime,  or  similar  matter,  and  melted,  the  moist 
fluid  of  the  metals  in  the  alloy  will  flow  out  first,  pass  through 
the  sand,  and  a  skeleton  of  the  refractory  metals  will  remain. 

:  OrystcMization. — Most  of  the  metals  crystallize  readily ;  all  of 
than  crystallize  by  proper  treatment  Antimony  and  iron  are 
particularly  distinguiahed  for  their  power  of  crystallization.  The 
aUoys  of  metals  are  not  so  much  inclined  to  form  regular  bodies, 
atrJteast  not  at  the  same  degree  of  heat ;  for  these  reasons  alloys 
nuLy  be  separated  firom  the  pure  metal  The  fluid  metals  act 
here  on  the  same  principle  as  a  salt  dissolved  in  water.  Thi» 
property  of  metals  and  alloys  has  led  to  a  reflning  process  for 
mbrer,  which  deserves  more  than  passing  attention  in  our  country. 
When  argentiferous  lead  is  melted  and  then  slowly  cooled,  the 
ptte  lead  will  sooner  crystallize  than  the  alloy  of  silver  and  lead^ 
and  a  part  of  the  pure  lead  may  be  gradually  removed  by  a 
skimmer,  or  drainer.  No  perfect  separation  ensues  here,  for  the 
odiigulated  lead  still  contains  silver,  and  the  richer  the  alloy  the 
Dsore  silver  is  contained  in  the  crystallized  lead.  Still,  metal 
which  contains  but  10  ounces  of  silver  in  a  ton  of  lead,  may  be 
odnoentrated  with  little  expense,  to  lead  of  30  oimces  of  silver 
per  ton;  When  these  principles  are  intelligently  applied,  much 
may  be  expected  of  them  in  the  way  of  refining  metals. 
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CHAPTER   IV. 

"  Fire-fToof  Material, — The  apparatus  in  which  smelting  ■<* 
melting  operations  are  performed,  is  constructed  of  such  mat^piak 
as  will  not  be  seriously  affected  either  by  the  heat  applied,  isk 
by  the  chemical  action  of  the  minerals  jot  metals.  Besides  tiieis^ 
conditions,  economy  is  generally  considered ;  but  we  find,  in  tndk 
instances,  that  the  saying  of  first  expense  should  be  a  seooddai^ 
consideration  where  fire-proof  material  is  in  question.  Hieitfl^ 
terials  used  as  fire-proof,  are  sandstone,  clay  slate,  shale,  ttaioM^ 
slate,  mica  slate,  granite,  gneiss,  porphyry,  trap,  and  oiheis^^'iffl 
of  which  are  found  native.  Most  of  the  fire-proof  materid  tMd 
is  clay,  or  aluminous  sand,  kaolin,  and  clay  slate,  which  aare 
formed  into  bricks,  slabs,  or  blocks,  so  as  to  suit  particular  >piBK^ 
poses.  The  artificial  fire-proof  stone,  or  brick,  does  not  geas^ 
rally  resist  the  chemical  action  of  the  metallic  oxides  so  well  as 
native  material ;  it  is  therefore  necessary  to  use  compact  natiVi 
rock,  where  the  action  of  metallic  oxides  is  to  be  resisted.  Bricks^ 
when  well  made  and  of  good  material,  withstand  the  influenoei^Kf 
heat  very  well;  and  in  all  cases  where  sudden  changes  of  faeil 
are  expected,  fire-brick  must  be  used  in  preference  to  any  other 
material. 

Materials  which  are  considered  fire-proof  must  be  of  such  a 
nature  as  to  resist  the  effect  of  heat,  that  of  the  metallic  oxides, 
and  the  reducing  influence  of  carbon  also.  Peroxide  of  iron  il 
proof  against  heat,  against  most  metallic  oxides,  and  also  resists 
silex  very  well,  but  it  does  not  resist  carbon ;  when  the  latter 
substance  is  present,  or  even  its  compound  gases,  peroxide  of 
iron  is  reduced  to  protoxide,  and  forms  now  a  strong  alkali  for  any 
silex  or  acid  which  may  happen  to  come  within  its  reach.  Silex^ 
clay,  magnesia,  lime,  and  baryta,  are  substances  which  are  melted 
only  by  a  very  high  heat,  about  4000°,  which  is  not  required  in 
any  smelting  operation.  It  is  therefore  sufficient  if  the  fire-proof 
stones  consist  chiefly  of  one  of  these  elements.  Their  combinations 
melt  more  readily  than  each  by  itself;  but  it  is  sufficient  when 
the  main  body,  the  bulk  of  the  stone,  is  formed  of  one  of  them^ 

Native  Fire-proof  Material — Quite  a  number  of  rocks,  slate, 
and  shale,  serve  the  purpose  of  refractory  stones.  Some  of  these 
are  so  perfect  as  not  to  require  more  labor  than  quarrying  and 
dressing ;  others  must  be  broken,  and  cemented  again  in  order 
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to  answer  the  purpose.  As  the  refiractoiy  character  of  stones  de- 
pends chiefly  on  the  fuaibili^  of  their  elements,  we  select  them 
in  most  cases  simplj  with  reference  to  this  quality;  and  as  alu- 
mina,: silex,  magnesia,  or  lime,  are  fusible  (mlj  at  a  degree  of 
heat  which  is  not  often  required  in  smelting  operations,  it  appears 
to  be  all-sufficient^  in  order  to  secure  durability,  to  select  the 
XBQSi  convenient  form  of  these  articles.  This,  however,  is  not 
the  case.  Pure  lime  is  extremely  re&actory,  but  readily  fusible 
if.any  silex  is  brought  in  contact  with  it ;  and  as  all  fuel  con* 
%ups  silex,  the  simple  act  of  using  coal  or  wood  in  a  fumaoe 
.]Mult  of  the  best  kind  of  limestone,  will  soon  destroy  it.  In 
Ij^any  instances,  the  presence  of  an  excess  of  limestone  is  ad- 
vantageous in  smelting  operations,  and  is  firequently  resorted 
tf^l  in  these  cases,  the  inner  walls  of  a  furnace  may  con- 
sist of  limestone,  because  the  silicious  matter  of  fuel  and  ore  is 
afaiorbed  by  the  flux,  and  little  injury  is  done  to  the  walls.  Be- 
fl^otions  of  this  kind  generally  decide  the  selection  of  rocks  for 
^rc^proof  material,  as  we  shall  show  hereafter.  Native  rocks  are 
^Ot  often  found  to  be  of  similar  composition,  not  even  in  the 
iiiae  locality,  for  which  reasons  the  selection  of  fire-proof  stone 
ilkimoperation  which  must  be  decided  by  actual  test  It  is  very 
HqU  known  that  the  composition  of  sandstone,  cUQr  slate,  mica 
date,  talc  slate,  gneiss,  and  granite,  and  also  limestone,  varies  in 
different  localities,  and  often  in  the  small  compass  of  a  quarry. 
/  Sandstone. — ^When  sand,  formed  by  the  disintegration  of 
ICPcky  matter,  is  washed  down  in  streams  and  deposited  in  the 
JDods  of  large  rivers,  or  the  bottom  of  lakes  and  oceans,  and  when 
fooh  deposits  are  elevated  above  water,  or  become  dry  land,  the 
fiuQ  particles  of  lime,  clay,  oxide  of  iron,  and  other  substances^ 
which. adhere  to  the  particles  of  sand,  and  which  more  or  less 
fill  the  crevices  or  spaces  between  the  grains,  become  dry,  and 
Ibprm  in  the  mean  time  a  chemical  combination  with  the  sand. 
/!Ehie  consequence  of  this  close  and  intimate  contact  between  these 
substances  of  opposite  electrical  qualities,  is  the  formation  of  solid 
took,  in  which  the  isolated  grains  of  quartz  are  held  together  by 
A  larger  or  smaller  quantity  of  cement  The  distinguishing 
quality  of  the  sandstone  for  our  purpose  consists  in  the  kind  of 
fiement  and  the  quantity  of  it  If  the  cement  is  lime,  we  cannot 
aspect  the  sandstone  to  be  very  refiractory,  for  not  only  does 
aUex  melt  readily  with  lime,  but  the  stone  becomes  brittle  when 
eaqxwed  to  fire.    Peroxide  of  iron  may  form  a  good  fire-proof 
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Stone  with  silex,  provided  the  amount  of  iron  is  not  too  hi^ 
say  not  more  than  five  per  cent  The  red,  and  often  brown  B$aad» 
stone,  of  the  Pennsylvania  anthracite  formation,  is  a  fire*pKDof 
stone  of  excellent  qualities.  This  stone  has  been  subjected  tKr^ 
slow  heat  in  the  earth,  which  cemented  its  particles  firmfy*  ^ 
gether.  The  best  cement  for  sand,  in  the  formation  of  sand^knMi^ 
is  silex  itself,  and  the  resulting  rock  is  for  these  reasons  denomb 
nated  silicious  sandstone,  in  contradistinction  from  calcaxtouSi 
ferruginous,  or  argillaceous  sandstone.  Silex  is  soluble  inponi 
water,  such  as  rainwater ;  and  when  such  a  solution  is  poured 
upon  a  bed  of  sand,  it  will  penetrate  and  combine  with  or  dissolTt 
some  of  the  sand ;  the  consequence  of  which  is,  that  the  8obd)le 
parts  are  retained  by  the  heavy  grains,  and  these  cannot  be 
moved,  the  soluble  silex  forming  a  gelatinous  cement  for  te 
grains  of  sand.  Sandstone  formed  in  this  manner  is,  as  a  matter 
of  course,  very  refractory,  and  liable  to  fracture  when  best  k 
suddenly  applied.  Slowly  heated,  and  not  exposed  to  changes  of 
heat,  this  stone  forms  a  durable  hearth-stone  in  blast  fumaoefe 
Stones  of  this  kind  are  frequently  found  in  the  bituminoua  ooal 
region,  and  used  as  hearth-stones.  In  many  respects  the  ttrgill» 
ceous,  in  which  clay  forms  the  cement,  is  superior  to  the  ailieioili 
sandstone ;  this  refers  particularly  to  those  cases  where  a  ohaiige 
of  heat  is  inevitable.  Clay  does  not  form  a  strong  cement,  and 
such  stones  are  generally  found  to  be  soft  in  the  quarry,  but 
harden  od  being  exposed  to  the  air  or  heat.  These,  howerei; 
do  not  generally  resist  high  heat  so  well  as  silicious  sandstones^ 
and  when  fluxes  come  in  contact  with  them  when  hot,  they  ai^ 
soon  melted.  Sandstones  which  contain  spangles  of  mica,  tK 
particles  of  pyrites,  or  which  are  colored  by  any  metallic  ozide^ 
particularly  protoxides,  are  generally  not  fire-proof;  still  theit 
are  instances  where  such  stones  are  used  to  advantage. 

In  the  selection  of  sandstones  for  hearth-stones  we  must  be 
guided  chiefly  by  experience.  Coarse-grained  stone,  such  .m 
millstone  grit,  which  occurs  in  the  lower  strata  of  the  coal  re* 
gions,  is  generally  found  to  be  of  good  quality.  The  ooaiae 
sandstone,  in  the  higher  strata  of  the  coal  formation,  is  not  oftien 
adapted  to  resist  a  strong  heat  and  the  influence  of  fluxes,  be* 
cause  its  cement  is  chiefly  lime,  clay,  and  iron.  In  these  upper 
strata,  the  fine-grained  stone  appears  to  be  superior  to  the  oo«rBe 
grit.  Transition  sandstone,  or  old  red  sandstone,  is  generally 
found  to  be  durable,  particularly  those  kinds  in  which  grains  of 
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|iviite  qnartx  t)f  the  size  of  peas,  or  small  beans,  are  visible.  Sand* 
gbcme  is  peculiarly  suitable  to  serve  as  a  fire-proof  stone ;  it  resists 
liBofcto  a  higher  degree  than  almost  any  other  stone,  and  if  Qom* 

.  paotyitislessattackedbyfluxesthananyotherkindof  rock;  ithas, 
tesides,  the  advantage  of  being  found  almost  everywhere  in  the 
Fadted  States,  and  is  easily  quarried  and  cut  into  such  forms  as  are 
onquired. 

^RL  Sandstones  may  be  tested  by  adds  as  to  their  composition, 
imttfae  result  cannot  be  depended  upon,  and  is  of  no  practical 
faae.  The  only  safe  test  is  that  by  heat  and  fluxes.  In  order 
19  investigate  the  refractory  quality  of  a  rock,  a  fragment  of  it 
k'Sobjected  to  a  gentle  heat^  which  is  not  much  higher  than  that 
of  boiHng  water,  for  at  least  one  week,  or  longer,  after  which  it 
WBij  be  exposed  to  a  higher  heat  The  latter  is  applied  in  a 
xeverberatory  furnace,  or  in  a  smith's  forge,  and  should  last  at 
least  for  four  or  five  consecutive  hours,  the  heat  being  gradually 
nuBed  to  the  highest  pitch.  The  fragment,  after  being  gently 
0ooled  and  broken,  must  show  a  compact  fracture,  not  vitrified  in 

'  mxj  part  in  the  interior ;  its  sur&ce  may  be  glazed,  and  it  should 
sdifliBve  lost  much  in  weight  Jfj  after  heating  it,  the  interior  of 
ibe.  stone  is  brittle,  porous,  and  friable,  or  if  it  is  vitrified  and 
a^pongly  colored,  it  will  not  resist  the  influence  of  fluxes,  and  it 
faisy.be  considered  useless  for  resisting  high  temperatures.  Quartz 
iv«xtremely  sensitive  to  changes  of  heat,  and  in  all  cases  where  it 
]»  subjected  to  them,  it  should  not  be  used ;  the  changes  of  heat 
qmand  by  adding  fresh  friel  it  cannot  resist  Sandstone  is  there- 
fine  useless  in  air-fiimaces,  and  in  all  frimaces  which  are  subject  to 
litemate  charges  of  fuel,  or  draits  of  cold  air,  such  as  puddling- 
ftoenaces,  the  top  of  blast-furnaces,  and  all  refining  and  rever- 
teratory  furnaces. 

Clay  and  day-slate. — This  mineral  forms  extensive  rocks,  and 
often  whole  mountain  ridges ;  it  is  composed  chiefly  of  silex  and 
olay,  but  is  never  free  from  metallic  oxides,  and  in  most  instances 
itxontains  carbon.  The  latter  substances  cause  it  to  be  fusible  at 
a  low  heat,  and  its  use  as  fire-proof  stone  is  therefore  very  limited. 
r  .  Slaty  Clay  is  found  in  the  regions  of  mineral  coal ;  it  forms 
ftivinost  valuable  substance  for  the  manufacture  of  fire-bricks, 
which  are  in  fact  chiefly  composed  of  this  clay,  particularly  in  the 
Western  States  of  the  Union.  The  most  valuable  deposits  of  this 
daty  day  appear  to  be  along  the  east  and  west  slopes  of  the 
Alleghany  mountains,  still  there  is  no  lack  of  it  throughout  the 
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western  coal  basin.  CKx>d  fire-bricks  are  extensivblj  niantdko- 
tured  of  it ;  but  it  is  of  no  use  in  its  raw  condition,  for  it  requiiei^ 
a  strong  fire  to  make  it  sufficiently  compact  for  adhering  together.! 
Some  modifications  of  this  kind  of  slate,  when  it  contains  a  large*  . 
amount  of  silex,  and  is  stratified,  assuming  the  form  of  shale,,  at^^ 
used  as  fire-proof  stone  in  furnaces,  under  steam-boilers,  revdS 
beratories,  or  at  the  top  of  blast-fdmaces,  also  for  in- walls ;  buf 
there  is  little  gained  in  its  application ;  fire-bricks  are  cheaper  in 
the  course  of  time,  because  they  last  longer  and  require  led^ 
repair. 

Clay, — ^This  substance  is  not  often  used  in  its  raw  state,  batT 
chiefly  in  the  form  of  bricks,  and  as  fire-prck)f  mortar.  Fire-clay 
is  recognized  by  its  color,  which  is  white,  and  is  retained  afW 
exposure  to  a  strong  fire.  Some  clays  will  change  their  color 
into  a  more  or  less  gray,  or  red,  on  being  calcined ;  these  are  not 
generally  very  refractory.  Good  clay,  when  fresh,  emits  a  pecu- 
liarly disagreeable  odor,  an  argillaceous  smell;  it  also  adhered 
strongly  to  the  tongue,  when  the  former  is  dry  and  the  lailer 
moist;  but,  there  are  very  good  clays  along  the  Atlantic  coast 
which  show  neither  of  these  signs,  at  least  not  in  a  high  degree. 
The  smell  depends  entirely  on  organic  matter,  for  which  clay 
has  great  affinity ;  it  emits  therefore  that  peculiar  smell,  although; 
it  is  not  actually  necessary  that  organic  matter  should  be  pro^ 
sent  in  the  clay ;  breathing  upon  it  may  impart  it  Clay  may 
contain  silex  chiefly,  and  be  a  good  fire-clay ;  it  does  not  fol- 
low that  clay  which  does  not  adhere  to  the  tongue  is  not  a 
fire-proof  clay.  The  sources  of  good  clay  are  feldspathic  rock^ 
and  as  the  latter  abound  all  over  the  North  American  con- 
tinent, particularly  along  the  Atlantic  coast,  there  is  no  want 
of  good  fire-clays.  Most  of  these  clays  are  definite  compounds 
of  silex,  alumina,  potassa,  lime,  magnesia,  oxide  of  iron,  and  wa- 
ter, but  it  is  not  necessary  that  a  good  clay  should  be  a  definite 
compound ;  on  the  contrary,  the  less  such  is  the  case  the  more 
refinctory  it  is.  For  these  reasons  most  of  the  plastic  days 
are  mixed  with  sand,  or  pure  quartz,  previous  to  forming  bricks 
of  them.  Clay  may  be  assayed  and  its  composition  determined 
previous  to  its  application,  but  such  an  assay  is  of  more  interest 
to  the  scientific  man  than  to  the  metallurgist.  In  some  cases, 
the  elements  of  composition  have  an  influence  on  the  resulti^' 
of  the  smelting  operation.  We  shall  allude  to  this  hereafter. 
The  same  test  which  is  used  for  sandstone,  is  applied  here. 
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Qood  day  must  shrink  uniformly,  not  crack  in  drying,  and 
fi^frm,  after  exposure  to  a  strong  heat,  a  o6mpact  solid  mass, 
neither  vitrified  nor  brittle.  The  mixing  and  tempering  of  clay 
1^  a  decided  influence  on  its  refractive  qualities,  and  good 
iQlushinery  and  good  Aimaces  are  required  to  form  good  fire- 
brick. Some  clays  are  plastic,  that  is,  they  may  be  moulded 
with  great  facility  into  any  shape,  which  they  will  retain  in 
drying  and  baking.  This  quality  is  caused  by  the  presence 
of  more  or  less  soluble  silex,  and  hydrated  clay;  anhydrous 
silex  is  not  plastic.  However  valuable  this  quality  of  clay  may 
be  to  the  potter  and  manufacturer  of  porcelain,  it  is  of  litfle  use 
tp  the  metallurgist;  all  we  want  is,  that  clay  should  form  a  com- 
j^ict^  hard  substance,  which  resists  fire ;  the  coarse  forms  in  which 
it  is  applied  do  not  require  a  particular  degree  of  tenacity.  In 
order  to  test  clay,  it  is  sufficient  to  mix  it  well  by  hand,  and 
form  it  into  slabs  of  half  an  inch  in  thickness,  which  are  gently 
dried  at  first,  so  as  to  prevent  the  formation  of  cracks,  and  then 
^posed  to  a  strong  heat.  When  clay  is  so  fine  or  plastic  as  to 
crack  in  drying,  it  is  necessary  to  mix  it  with  sufficient  fine,  pure, 
ffllicious  sand,  to  prevent  that  evil. 

Green,  or  fresh  clay,  is  not  often  applied  at  furnaces;  it  is, 
hiowever,  used  in  some  smelting  furnaces  for  repairs,  and  for 
hearths  and  boshes,  when  mixed  with  a  large  quantity  of  sand ; 
also  for  forming  bottoms  in  reverberatory  fiimaces,  and  others. 
Its  chief  use  is  for  mortar^ 

Jhlco6e  Slate. — This  substance  often  forms  a  very  durable  fire- 
proof stone,  particularly  when  the  slate  has  been  exposed  to  a 
Strong,  hardening  heat  in  the  native  rock.  This  kind  of  slate  is 
foun4  along  the  Atlantic  coast ;  it  forms  soapstone  when  sofl,  but 
in  tliiit  variety  where  it  is  cemented  by  heat  it  is  extremely  hard. 
The  'latter  quality  occurs  jfrequently  in  the  Southern  States; 
and  th^  former  in  Maryland,  Pennsylvania,  New  Jersey,  and  all 
ihe  Kew  England  States.  This  substance  is  extensively,  used 
as  refractory  stones  in  puddling  fiimaces,  for  which  it  is  adapted 
by  its  resisting  the  influence  of  the  oxides  of  metals  exceedingly 
welL  .. 

3fica  Slate, — ^This  ranges  with  the  talc  slate,  and  in  many 
instances  it  is  very  doubtful  if  the  so-called  talc  slate  is  not 
actually  mica  slate,  or  merely  a  modification  of  it  in  form,  char- 
acterized by  the  extreme  minuteness  of  the  leaves  of  mica. 
These  slates  resist  fire  well,  if  not  too  much  mixed  with  me- 
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tallio  oxides,  or  with  too  much  mica.  The  quantity  of  qimta 
determines  the  re&actibility  of  the  atona  This  material  is  TRf  . 
convenient,  because  in  most  instauces  it  is  easily  quarried  and 
dressed  to  the  desired  forms.  Chlorite  slate,  gneiss,  poiphjiy^ 
grauite,  and  simikr  substances,  resist  fire  in  some  i 
veil ;  but  their  quality  depends  entirely  oa  a  peculiar  c< 
As  a  rule,  these  rocks  are  not  very  refiactoiy,  and  are  all  liabls 
to  be  broken  by  heat 

Artificial  Stones;  Fire-brick. — When  natural  stones  cauoqt, 
be  obt^ned,  or  the  purpose  requires  others,  the  substances  of, 
vhich  artificial  atones  are  composed,  such  as  clay  and  silex,  an. 
pounded,  ground  together,  and  formed  into  bricks  or  slabs  a£waj- 
form  that  may  be  desired.  Quartz,  which  is  most  in  use,  and  in 
&ct  the  only  available  substance,  besides  clay,  is  pounded  in 
stamping-mills,  such  as  represented  in  fig.  IIS.    This  openttOB 
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ia  eitlier  performed  dry,  which  causes  much  dust  and  premature 
destruction  of  machinery,  or  it  is  done  by  passing  a  current  of 
water  through  the  stamping-box,  and  gathering  the  sand  in  a 
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^Kmgh,  in  wliich  it  settles,  and  the  water  flows  off.  If  the 
Quartz  is  hard,  such  as  river  pebbles,  or  milky  quartz,  it  may  be 
e^tposed  to  a  red  heat  in  a  roasting  heap,  after  which  it  may  be 
pounded  quite  easily. 

^  Of  quartz,  thus  coarsely  pounded  to  the  size  of  a  grain  of 
wheat,  or  smaller,  three  parts  are  mixed  with  one  part  of  plastic 
ftreKclay ;  the  whole  well  soaked  with  water,  and  diligently  mbced, 
forms  an  excellent  fire-proof  sandstone,  when  merely  air-dried. 
Of 'this  mixture,  bricks  and  slabs  are  easily  formed,  which  may 
te  used  air-dried,  in  reverberatory,  puddling,  reheating,  and  all 
such  furnaces,  where  no  actual  work  or  rubbing  is  done  on  the  sur- 
fitoeof  the  brick ;  for  though  they  are  fire-proof,  they  cannot  resist 
abrasion  when  rubbed  by  solid  matter.  Bricks  of  this  kind  may  be 
baked,  but  as  they  require  rather  a  strong  fire  to  make  them 
compact,  they  are  not  generally ;  nor  is  much  gained  by  a  limited 
heat  These  artificial  sandstones,  or  fire-brick,  are  in  many  re- 
spects superior  to  the  common  fire-brick ;  they  are  cheap  where 
the  materials  are  close  at  hand,  for  the  stamping  is  not  expensive, 
and  the  moulding  and  drying  causes  hardly  any  expense.  An 
air-dried  brick  is  easily  laid,  and  the  joints  are  secured  with  re- 
markable facility,  for  the  brick  is  suited  to  absorb  the  water  from 
the  mortar  rapidly,  which  causes  the  latter  to  dry  quickly ;  this 
affords  an  opportunity  of  using  a  large  quantity  of  mortai--and 
as  the  mortar  itself  is  but  the  solution  of  fragments  of  l^rick,  the 
bricklayer's  work  is  done  very  cheaply.  In  this  case,  as  in  all 
others,  particular  attention  must  be  paid  to  the  mixing  of  the  clay 
and  9and;  too  much  labor  cannot  be  expended  on  this  part  of  the 
work;  In  mixing  plastic  clay  with  sand,  it  is  the  object  to  bring 
each  particle  of  clay  in  contact  with  a  particle  of  silex,  and  pro- 
duce by  that  means  a  imiformity  of  mixture  which  is  at  the  same 
time  adhesive,  and  &ee  &om  friable  spots.  This  material  when 
well  ixrepared  is  eminently  fitted  for  forming  bpshes,  and  even 
heardb^i  in  furnaces ;  it  may  be  used  in  the  form  of  bricks^  slabs, 
or  what  is  the  best,  rammed  down  in  a  moist  condition  so  as  to 
form  <me  solid  mass  without  joints. 

"SVliexi  fire-brick  of  a  finer  composition  are  required,  such  as 
are  niade  of  slaty  clay,  or  of  kaolin,  or  the  silicious  fire-clay  of  the 
eastern  slope  of  the  AUeghanies,  it  is  necessary  that  the  materials 
should  be  ground  fine ;  this  refers  particularly  to  the  slate  clay. 
The  clay  of  the  coal  regions,  which  is  generally  hard  when  newly 
dug,  is  exposed  for  some  time  to  the  atmosphere,  imder  the  in- 
21 
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flnence  of  irliich  it  &Ub  to  small  cubical  pieces,  and  irhes  exposed 
for  ft  season  to  &ost  and  the  changes  of  temperature  intudeot  to 
winter,  it  is  conrerted  into  a  fine  meal  which  is  eamly  groond. 
When  quartz  or  sand  is  required  for  the  increase  of  the  nbaaiarj 
quali^  of  the  clay,  it  is  mixed  with  it ;  or,  when  too  ooane, 
it  is  ground  first  by  itself  and  then  mixed  in  due  proportions. 
The  proportion  of  silex  to  clay  cannot  be  determined  by  applying 
sraentific  principles ;  this  must  be  found  out  by  experiments,  which 
are  easily  made  by  mixiDg  various  quantities  and  exposing  them 
to  the  same  degree  of  heat  The  quartz  used  for  these  purposes 
must  be  taken  either  from  pure  veins,  or  large  quartz  pebbles 
found  in  river  bottoms.  Sand  obt^ed  from  pounded  sand- 
stone, or  millstone  grit,  or  river  sand,  is  never  sufGciently  pure 
for  fire-brick,  or  for  retorts  or  crucibles.  Clay  thus  mixed  with 
quartz,  or  pure,  is  subjected  to  grinding  in  a  mill  similar  to 
that  represented  in  fig.  144.    In  most  cases  it  is  ground  diy ; 


some  manufacturers  grind  it  wet,  because  it  works  foster;  the 
particles,  when  sufiicientty  fine,  are  swept  away  by  the  current  of 
water,  deposited  in  a  box,  and  fiom  thence  removed  to  be  tern- 
pered.  The  latter  operation  is  frequently  performed  in  the  above 
mill,  and  in  fact  is  thought  sufficient  when  the  grinding  is  accom- 
plished ;  but  this  is  not  the  case.  Some  clay  may  require  very 
little  work,  still  no  harm  is  done  by  much  tempering ;  good  oUy 
is  often  spoiled  for  want  of  the  proper  amount  of  work.  An  ill- 
made  brick  is  porous  and  light ;  a  good  brick  is  compact  and 
heavy  \  the  first  may  be  good  enough  for  steam-boiler  fumaoei, 
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but  for  Bmelting  furnaces,  where  heftt  and  fiuxea,  and  the  motion 
of  fuel,  cause  abnudoo,  bricks  should  be  as  compact  as  flint  The 
latter  quality  is  chieflj  obtained  bj  careful  grinding  and  temper- 
ing. For  this  purpose  a  mill  ia  used  similar  to  those  used  for  mix- 
ing loam  fbr  common  bricks,  which  is  Bhown  in  fig.  146.  Themain 


part  of  this  machine  is  an  iron  or  wooden  cylinder,  of  from  three 
to  four  feet  high,  and  twenty-four  inches  in  diameter.  When  of 
wood,  it  forma  an  inverted  cone  so  as  to  admit  of  being  firmly 
bound  by  iron  hoops.  In  the  centre  of  this  clay-mill  is  a  vertical 
shaft,  provided  with  some  radial  knives ;  this  shaft  is  frequently 
(rf' wood,  but  is  better  when  made  of  iron;  the  knives  most  be  in  all 
cases  of  iron.  The  latter  are  a  little  twisted  so  as  to  cause  the 
.  day  to  move  downward.  The  tempered  clay  is  thrown  in  at  the 
top,  and  the  mill  always  kept  Ml.  At  the  lower  end  of  the 
qrlinder,  close  to  the  bottom,  is  a  square  hole  through  which  the 
day  is  pressed  and  issues  continually.  This  square  hole  is  pro- 
vided with  a  gate,  so  as  to  regulate  tiie  quantity  of  day  which  is 
permitted  to  pass.  If  the  day  is  not  suiScienUy  mixed  by  pass- 
ing it  once  through  the  mill,  the  prooees  is  repeated ;  in  some 
cases  this  is  required  five  or  six  times.  In  some  instances  the 
knives  are  provided  with  projecting  points,  so  as  to  keep  the  day 
in  oc»istant  motion,  as  shown  in  the  engraving,  this  may  be  ad- 
TantageouB,  but  it  requires  more  power  than  plain  knives,  and  a 
stronger  machine  than  can  be  made  of  wood.  This  mill,  of 
oonne,  may  be  driven  by  horse-power,  as  shown,  or  by  a  water- 
wheel,  OT  a  steam-engine.  When  circumstances  admit,  it  is  advan- 
tageous to  temper  the  clay  when  warm ;  this  causes  the  air  or  gas 
in  the  pores  of  the  day  to  expand  and  escape,  so  that  a  dose  con- 
tact of  the  partidea  may  be  accomplished.  It  has  been  proposed 
to  mix  carbon,  either  in  the  form  of  graphite,  or  anthracite  dust,  or 
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ooke-dust,  with  the  day  of  which  fire-bricks  are  to  be  made,  bat  we 
are  not  aware  that  it  has  been  put  in  practice  to  any  extent  For 
crucibles  such  a  mixture  is  used ;  the  black-lead  pot  is  one  of  tliie 
kind,  and  the  pots  in  which  cast-steel  is  melted  are  another  kind ; 
the  latter  are  generally  a  composition  of  clay  and  coke-dust  For 
thin  pots,  and  similar  articles,  we  perceive  no  objection  to  coal, 
but  in  bricks  and  other  heavy  masses  there  are  serious  objections 
which  have  been  confirmed  by  experience.  Coal,  no  matter  in 
what  form,  causes  always  the  formation  of  gas  when  in  contact 
with  oxides,  such  as  clay  and  iron.  If  the  substance  is  thin,  such 
as  a  crucible,  this  gas  may  escape  on  the  unglazed  side ;  but  if  the 
mass  is  thick,  it  must  escape  at  the  hottest  or  glazed  surface,  and 
is  the  cause  of  a  premature  destruction  of  the  fire-brick.  Coal 
diminishes  the  shrinkage  of  day,  and  thus  far  it  is  advantageous 
in  the  day  of  crudbles,  in  preventing  their  firacture  when  in  fire. 

Fire-bricks  are  not  generally  manufactured  from  raw  clay, 
at  least  not  wholly  of  it;  and  there  is  no  doubt  but  that  a  twice- 
burnt  brick  is  superior  to  a  brick  made  of  fresh  day.  The  pre- 
pared and  groimd  clay  is  subjected  to  one  fire,  either  in  the  form 
of  brick  or  in  lumps,  then  ground  and  mixed  with  about  one-third 
or  one-fourth  of  fi'esh  day ;  this  mixture  is  formed  into  bricks  and 
baked.  Some  of  our  manufacturers  do  not  follow  this  method, 
but  there  is  no  doubt,  if  their  bricks  are  good  now,  they  would 
be  far  better  if  baked  twice.  For  this  reason,  brickbats,  ground 
and  mixed  with  a  little  fi-esh  day,  will  form  a  superior  brick  to 
the  original  brick,  made  of  raw  day. 

Fire-bricks,  in  order  to  be  baked,  are  generally  subjected  to  a 
strong  heat,  in  ovens  built  in  a  peculiar  manner ;  this  is  not  ne- 
cessary, if  the  bricks  are  not  to  be  transported  far,  and  if  too  much 
day  is  not  used  in  the  mixture.  In  the  latter  case  the  brick  is 
subject  to  much  shrinkage,  and  when  exposed  to  the  heat  in  a 
furnace,  the  joints  between  the  various  layers  will  separate  and 
allow  the  heat  to  penetrate,  which  now  acts  on  many  sides  and 
soon  destroys  it.  All  that  kind  of  fire-proof  material  which  must 
be  transported,  or  in  the  composition  of  which  a  large  amount 
of  day  is  necessary,  must  be  baked ;  but  those  bricks  which 
are  manufactured  and  used  on  the  spot,  and  which  contain 
a  large  amoimt  of  silex,  do  not  require  baking  previously  to 
their  use.  In  fig.  146,  is  represented  a  vertical  section  of  an 
oven  in  which  fire-bricks  are  baked.  It  is  in  appearance  similar 
to  a  porcelain  kiln,  only  not  so  large.    The  diameter  is  generally 
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from  10  to  15  feet,  and  equally  aa  high,  according  to  the  qoan- 
-ti^  of  bricks  to  be  mode.  Ona  cubic  foot  of  space  will  contain 
8  bricks  of  10  hj  6  inches.    The  capacity  of  an  oven  is  thus 


easily  calculated.  One  charge  will  take  a  week's  time — three 
daya  for  baking,  and  three  for  cooling.  The  oven  is  built  wholly 
of  fire-brick,  secured  by  iron  tires  and  vertical  binders.  The 
floor  is  also  formed  by  fire-brick  with  draft-holes,  or  fiuea,  aa 
shown  in  fig.  147,  wherein  four  fire-places  are  indicated.  This 
oven  may  be  operated  by  one  or 
two  fire-places,  but  there  is  no 
harm  done  in  having  more  of 
them.  The  fire-places  may  be 
without  grate-bars  in  case  wood 
is  used  as  fuel ;  but  when  stone- 
coal  is  burned  there  must  be  T 
grate-bars,  which  are  withdrawn  I 
and  the  stock-holes  shut  with  I 
ashes  when  the  baking  is  finish'  ' 
ed.  At  the  top  of  the  oven  is  a 
round  aperture  of  about  twen- 
ty inches  in  diameter,  through 
which  the  hot  gases  escape ; 
when  the  heat  is  at  the  highest  degree,  this  top  is  shut  by  an  iron 
'plate.    At  the  floor  there  is  ao  entrance  of  three  feet  in  height 
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and  two  feet  in  width,  through  which  the  oven  is  set,  or  filled 
with  bricks ;  this  is  temporarily  shut  with  bricks,  which  are  le^ 
moved  when  the  heat  is  finished  and  the  oven  cold.  Through 
this  door  the  bricks  are  also  discharged.  There  are  yarious 
forms  of  ovens,  and  also  of  niills,  in  use ;  the  illustrations  re^ 
present  those  most  firequently  found,  and  to  all  appearances  the 
best. 

The  materials  requisite  for  the  manufi^sture  of  good  fire-briek 
are  very  abundant  in  the  United  States.  Between  the  All^han  j 
Mountains  and  the  shores  of  the  Atlantic  Ocean,  there  is  an 
abundance  of  fire-clay,  also  kaolin,  the  result  of  the  decompositioii 
of  feldspathic  rock,  which  is  very  common  in  these  regions — and 
more  abundant  in  the  Southern  than  in  the  Eastern  and  North- 
em  States.  In  the  region  of  the  Western  coal  deposits,  an  abun^ 
dance  of  slaty  clay  of  good  quality  is  foimd  in  the  lower  strata 
of  the  formation,  of  which  in  Western  Pennsylvania  first-rate 
fire-brick  are  manufactured.  In  the  higher  strata  of  the 
coal  basin,  similar  veins  of  clay  are  found ;  but  these  are  of  an 
inferior  quality,  not  resisting  fire  so  well  as  the  first  kind. 
Fire-clay,  in  one  or  the  other  form,  aboimds  also  in  all  the 
Western  States ;  and  no  doubt  can  be  entertained  of  its  being 
found  in  superabimdance  on  the  western  side  of  the  Bocky 
Mountains. 


•  •  • 


CHAPTER    V. 

Fuel~In  the  most  extended  sense  of  the  term,  this  embraces 
all  combustible  matter,  such  as  carbon,  hydrogen,  metals,  sul- 
phur, phosphorus,  and  in  fact  all  substances  which  combine  with 
oxygen  and  liberate  heat.  Investigations  which  are  limited  to 
domestic  purposes,  limit  the  term  fuel  to  a  combination  of  carbon 
and  hydrogen ;  but  it  is  advisable  for  our  purposes  to  consider 
the  term  on  the  most  comprehensive  scale  in  applying  it  to  metal- 
lurgy. In  a  limited  sense,  fuel  is  understood  to  comprise  only 
carbon  and  hydrogen  and  their  compounds,  such  as  wood,  peat, 
lignite,  bituminous  coal,  anthracite,  coke,  and  charcoal,  and  in 
some  cases  the  combustible  gases  derived  from  the  distillation  or 
partial  combustion  of  the  above  elements. 
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Flaming  FueL — ^The  escaping  gases  of  this  Aiel  are  the  result 
of  its  combination  with  oxygen,  or  are  liberated  by  heat;  and 
flhow  a  more  or  less  opaque  flame,  white  or  colored.  The  visi- 
bilitj  of  the  flame  is  produced  by  solid  matter  heated  to  a  high 
degree,  and  its  character  is  indicated  by  the  color  of  the  flame. 
JE^el  which  does  not  produce  solid  matter  in  so  fine  a  form  as  to 
be  carried  away  by  the  motion  of  the  hot  gases,  shows  no  flame ;  its 
gases  are  invisible.  For  the  metallurgist,  the  division  into  flaming 
^d  flameless  Aiel  is  of  the  greatest  importance ;  partly  because  it 
is  indicative  of  the  chemical  composition  of  the  Aiel,  and  partly 
because  the  operation  requires  in  some  cases  the  one,  in  others 
the  other,  to  produce  the  desired  effect  In  most  instances  the 
flame  of  fuel  indicates  the  presence  of  hydrogen,  and  in  conse- 
quence free  carbon ;  such  is  the  case  in  a  common  candle  or  oil- 
flame  ;  but  the  white  color  of  the  top  flame  at  a  blast-furnace  in 
which  lead  is  smelted,  is  not  caused  by  free  carbon — it  is  the 
visible  oxide  of  lead  which  is  carried  away  by  the  gases.  The 
white  flame  at  the  top  of  an  iron  smelting-fumaoe  is  often  the 
result  of  fine  particles  of  lime,  moved  by  the  strong  current  of 
the  escaping  gases.  When  combustible  substances  are  converted 
into,  gases,  they  are  perfectly  transparent  and  invisible.  The 
^hite  flame  issuing  from  a  furnace  in  which  flameless  fiiel  is 
burned,  such  as  charcoal  or  anthracite,  indicates  a  loss  of  solid 
matter ;  some  oxide  of  metal  is  evaporated ;  and  if  we  refer  to 
the  color  of  this  oxide,  as  described  in  previous  pages  under  the 
head  of  Blowpipe,  we  are  enabled  to  detect  the  kind  of  metal 
which  evaporates.  K  hydrogen  is  in  the  fuel,  and  the  color  of 
the  flame  that  produced  by  carbon,  we  observe  this  by  either  the 
total  disappearance  of  all  solid  matter  above  the  flame,  or  a  de- 
posit in  the  form  t>f  a  black  smoke,  while  the  oxides  of  metals 
produce  a  deposit  whose  color  is  indicative  of  the  metal.  In  most 
cases,  where  metallic  ores  are  smelted  in  contact  with  the  fuel, 
the  presence  of  hydrogen  is  found  to  be  either  injurious  to  the 
quality  of  the  metal  produced,  or  to  the  operation;  for  these 
reasons  such  fuel  is  charred ;  that  is,  those  substances  which  are 
injurious  are  partly  or  altogether  driven  off  by  means  of  heat 
previous  to  its  application. 

The  division  of  flaming  and  flameless  fuel  ijs  particularly  ap- 
propriate in  our  case.  Heat  is  distributed  partly  by  convection, 
and  partly  by  radiation.  Invisible  gases  do  not  radiate  heat ;  the 
presence  of  solid  matter  ijs  required  to  produce  radiation ;  and  the 
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latter  depends  in  its  quantitatiye  effects  on  the  color  of  the 
ting  medium ;  white  will  produce  the  strongest,  black  the  leMl 
effect,  and  the  intermediate  colors  in  proportion.  It  is  therelQie 
easily  comprehended  that  wood-charcoal  is  a  very  imperfect  fad 
in  a  reverberatory  furnace,  because  it  does  not  produce  a  visiUe 
flame.  The  hearth  of  a  puddling  furnace  cannot  be  heated  to  a 
high  degree  by  such  fuel,  particularly  when  the  reflectmg-roof  is 
blackened  by  smoke,  or  vitrifying  oxides  of  iron.  If  in  this  caM 
the  original  white  color  of  the  fire-bricks  could  be  retained,  the 
effect  of  the  fuel  would  be  stronger ;  but  as  that  is  almost  impoB^ 
sible  in  any  furnace  in  which  metals  are  melted,  the  flamdeii 
fuel  is  an  expensiA'^e  one  in  a  reverberatory.  For  this  reason^ 
wood  or  bituminous  coal  is  superior  to  charcoal  in  the  revcr* 
beratory  furnace.  Anthracite,  being  also  a  flameless  ftiel,  is  nofr* 
withstanding  in  extensive  use  in  reverberatories,  and  works  ad* 
mirably  well.  The  cause  of  this  must  be  found  in  the  general 
application  of  blowers  to  the  grates  of  these  furnaces.  With  bitu* 
minous  coal  and  wood  the  common  draught  is  strong  enough  to 
carry  small  particles  of  carbon,  either  chemically  combined  with 
hydrogen  and  liberated  when  the  latter  is  oxidized,  or  as  fine  par- 
ticles with  the  current  of  the  hot  gases ;  these  particles  of  carbon^ 
in  either  one  or  the  other  form,  are  the  solid  matter  which  cause* 
the  flame  to  be  visible  and  radiate  heat.  Anthracite  is  almost 
firee  from  hydrogen,  therefore  no  carburetted  hydrogen  is  formed ; 
it  is  very  compact,  and  no  particles  of  coal  can  be  carried  off  by 
a  gentle  draught.  In  applying  a  strong  draft,  or  blast,  small 
particles  of  coal  are  torn  loose,  which  float  or  are  suspended  in 
the  gases,  form  a  visible  body,  and  the  flame  then  has  the  capa- 
city of  radiating  heat.  However  important  may  be  the  application 
of  this  principle  in  reverberatory  furnaces,  it  hts  little  or  no  value 
in  the  furnaces  of  steam-boilers,  or  where  heat  is  conducted  by 
the  motion  of  the  gases,  as  is  the  case  in  heating  hot-blast  In  some 
instances  an  illusory  advantage  is  derived  from  flaming  fhel 
under  a  stfeam-boiler ;  but  this  is  caused  by  the  imperfect  form  of 
the  boiler,  and  in  all  cases  includes  a  waste  of  fuel ;  the  flame  iB 
here  an  extension  of  the  process  of  combustion,  which  when  per- 
fect ought  to  be  realized  in  the  furnace.  A  steam-boiler,  and 
similar  apparatus,  needs  but  the  hot  gases  in  order  to  consume  fiiel 
to  advantage,  no  radiation  of  heat  being  required. 

Composition  of  Fuel — Omitting  small  quantities  of  foreign 
matter,  the  flameless  fuel  consists  chiefly  of  carbon,  and  flaming 
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foel  of  carbon  and  hydrogen,  so  £Eur  as  this  refers  to  flame  pro- 
duced by  natural  draught.  The  amount  of  foreign  matter,  which 
18  not  generally  considered  9s  foel,  such  as  sulphur,  iron,  silex, 
Ac,  yaries  greatly  according  to  the  kind  of  fuel.  We  insert  on 
the  next  page  tables  which  show  the  relative  value  of  the  most 
common  articles  of  fuel,  which  are  of  interest  to  the  metal- 
lurgifit  From  these  tables  we  obtain  the  value  of  that  fuel 
which  is  most  commonly  used  in  smeltworks,  and  when  we  con- 
sider that  equal  weights  of  dry  wood  afford  in  all  cases  a  nearly 
equal  amoimt  of  heat,  and  also  an  equal  weight  of  charcoiJ, 
it  is  not  difficult  to  estimate  the  value  of  a  cord  of  pine  wood, 
or  that  of  white  oak  for  making  charcoal.  When  a  cord  of 
shell-bark  hickory  is  worth  one  dollar,  that  of  white  ash  is 
worth  77  cents ;  beech  65  cents ;  sugar  maple  60  cents ;  white 
oak  81  cents ;  yellow  pine  54 ;  poplar  52 ;  and  Lombardy  poplar 
only  40  cents.  The  estimation  of  the  value  of  fiiel  by  its  evap- 
orative power,  i)3  not  of  much  use  to  the  metallurgist,  because  in 
most  cases  he  employs  the  pure  carbon  only.  Anthracite  coal 
18  therefore  of  a  higher  value  than  bituminous  coal  to  the  smelt- 
er,  because  he  has  nearly  the  full  weight  of  carbon  in  a  certain 
weight  of  coal,  while  a  weight  of  bitimiinous  coal  fiimishes  on 
an  average  only  half  its  weight  of  coke.  An  equal  weight  of 
dry  or  &esh  charcoal  contains  in  all  cases  an  equal  amount  of 
carbon,  and  furnishes  the  same  amount  of  heat. 

As  a  rule,  we  may  say  that  equal  quantities  of  pure  carbon 
produce  equal  quantities  of  heat,  but  this  is  not  in  practice  ex- 
actly the  case.  In  melting  iron  in  a  reverberatory,  a  large 
quantity  of  heat  is  lost,  and  we  obtain  but  little  heat  compared 
with  the  amount  produced.  K  the  temperature  is  higher  in 
melting  iron  than  in  melting  lead,  we  lose  not  only  in  propor- 
tion as  the  heat  increases,  but  also  according  to  the  length  of 
time  which  is  occupied  in  the  operation.  The  amount  of  fuel 
necessary  for  melting  metals  cannot  therefore  be  calculated  by 
taking  their  capacity  for  heat  into  consideration,  as  is  the  case  in 
determining  the  amount  of  fuel  requisite  for  heating  or  evapora- 
ting a  certain  quantity  of  water,  for  in  that  case  nearly  all  the 
heat  liberated  by  the  fuel  is  received  by  the  water  or  steam,  while 
at  least  |  and  more  must  be  lost  in  melting  iron.  The  time  in 
which  the  melting  or  heating  operation  is  performed  is  also  of 
great  consequence.  In  a  well  arranged  cupola,  cast-iron  may  be 
melted  by  10  per  cent,  of  its  weight  of  fuel ;  in  an  air-ftimace 
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it  requires  the  use  of  60  per  cent,  and  in  a  blast-fiimaoe  as  mnob 
as  twice  the  weight  of  iron  produced ;  for  which  differenoe  there 
is  no  apparent  cause  but  the  length  of  time  used  in  melting.  In 
order  to  save  Aiel,  it  is  necessary  to  perform  metallurgical  opeia* 
tions  in  the  shortest  time  possible. 

Tabk  showing  the  Value  of  Wood. 


TUmtttWtU. 


White  ash, 
White  beech, 
Butternut, 
Bed  cedar, 
Chestnut, 
Dozwood, 
Shell-bark  hickory, 
Hard  maple  (sugar), 
Soft  maple, 
Magnolia, 
Chestnut  oak, 
White  oak. 
Black  oak. 
Bed  oak, 
Yellow  pine, 
Jersey  pine, 
Pitch  pme, 
White  pine. 
Poplar,  Yellow, 

"      Xombardy, 
Sycamore, 
lElackwalnut 


givftey    of 

Weed. 


•772 
•724 
•567 
"565 
•522 
•815 
1-000 
•644 
•697 
•605 
•885 
•855 
•728 
•728 
•551  i 
•478  i 
•426  j 
•418 
•563! 
•397 
•535 


PoMdaaf 
Weo4  ia   • 
eerd.  Adp. 


•6S1 


8450 
3236 
2534 
2525 
2333 
3643 
4469 
2878 
2668 
2704 
3955 
3821 
8254 
8254 
2463 
2137 
1904 
1868 
2516 
1774 
2391 
3044 


Per 


25-74 

19^62 

20^79 

24.72 

25-29 

21 

26^22 

2143 

20-04 

21-59 

22-75 

21-62 

23-80 

22-43 

23-75  I 

24-88  I 

26-76 

24-35  : 

21-81 

25 

23-60 

2256 


125 


I 


SpecHe 
eoaL 

m    mtt 

81 

-547 

28-78 

.518 

27-26 

28 

-237 

12-47 

42 

-238 

12-52 

50 

-379 

19-94 

SO 

-550 

29-94 

26 

-625 

82-89 

86 

•431 

22-68 

27 

-370 

19-47 

28 

-406 

21-86 

27 

•481 

25.31 

86 

•401 

21-10 

39 

•387 

20-36 

88 

•400 

21-05 

80 

•333 

17-52 

83 

•385 

20-26 

26 

•298 

15-68 

33 

•293 

15-42 

30 

•383 

20-15 

27 

-245 

12-89 

34 

-374 

19-68 

29 

•418 

22- 

31 

«alM    9t 


I. 


•77 
•66 
-61 
-66 
■52 
-76 
1-00 
•60 
•64 
-66 
-86 
•81 
•71 
-6» 
-64 
-48 
•43 
•42 
-52 
-40 
-62 
-65 
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Lehigh  coal 1-494 

SchuvUdlL  ' l-4o3 

Susquehaima, 1-373 

Bhode  Islasd, 1-438 

Oumel  coal, 1-240 

lireipool, 1-S31 

Bichmond, 1-246 


7S-61 
76.46 
72*25 
75.67 
65-25 
7C»-04 
65-56 
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The  quantity  qf  oxygen  conswmed  by  any  combustible  matter 
indicates  directly  the  quantity  of  heat  liberated;  the  efTects, 
therefore,  of  fiiel,  are  directly  as  the  quantity  of  oxygen  con- 
sumed. It  does  not  make  any  difference  if  the  oxygen  combines 
with  carbon,  hydrogen,  sulphur,  or  any  other  substance.  This 
affords  an  easy  means  to  determine  the  quantity  of  heat  which 
may  be  liberated  by  fiid,  for  we  need  only  to  find  the  quantity 
of  oxygen  consumed  in  order  to  know  the  quantity  of  heat  which 
may  be  liberated  by  the  fuel.  The  means  by  which  an  assay  of 
fael  is  made  have  been  detailed  in  former  pages.  All  that  is  re- 
quired to  succeed  well  in  such  an  assay  is  the  use  of  pure  litharge, 
£ree  from  metallic  lead,  from  minium  and  other  substances,  and 
the  application  of  an  excess  of  it.  Thirty-four  parts  of  pure  lead, 
which  is  found  in  the  form  of  a  button,  is  equal  to  one  part  of  pur6 
carbon ;  the  fuel  may  contain  other  combustible  substances  than 
carbon  and  hydrogen,  the  lead  represents  its  capacity  for  gen- 
erating heat  This  method  of  assaying  is  not  quite  correct,  but 
sufficiently  so  for  practical  purposes ;  the  amount  of  the  resulting 
lead  is  however  never  too  large. 

One  poimd  of  oxygen  in  combining  with  fuel  will  liberate 
heat  equal  to  29*5,  or  nearly  sufficient  to  raise  30  pounds  of 
water  from  82°  to  212°,  or  from  freezing  to  boiling.  From  this 
we  may  conclude  that  one  poimd  of  oxygen  liberates,  in  com- 
bining with  other  matter,  180°  X  80  =  6400°  of  heat  K  we 
know  the  capacity  of  a  substance  for  heat,  we  may  easily  find 
how  much  fuel  is  required  to  heat  it  to  a  certain  degree.  In  as- 
saying fuel  by  means  of  the  oxide  of  lead,  we  find  exactly  how 
much  oxygen  has  been  consumed,  for  100  parts  of  litharge  are 
composed  of  92*83  metal  and  7*17  oxygen.    In  order  to  consume 

92*88 
one  part  of  oxygen,  =  12*9  parts  of  lead  must  be  produced. 

We  may,  therefore,  calculate  the  capacity  of  fuel  for  generating 
heat,  either  by  estimating  the  quantity  of  oxygen  which  has  been 
consumed,  or  the  quantity  of  lead  produced.  These  investiga- 
tions show  the  quantity  of  heat  which  may  be  liberated  from  a 
certain  kind  of  fuel,  but  they  do  not  show  the  degree  of  heat 
which  may  be  produced. 

Intensity  of  Heat. — This  may  also  be  called  quaUtative  heat, 
pyrometric  heat,  or  degree  of  heat  It  is,  with  the  means  at 
present  known,  not  in  our  power  to  measure  a  high  temperature 
directly.    We  may  measure  by  a  thermometer  600° ;  beyond  this. 
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the  direct  measurements  are  rather  unoertam.  We  maj^aniye 
by  calculation  at  an  approximation  of  the  degree  of  heat  derdk 
oped  by  a  certain  kind  of  fueL  The  direct  measurement  of  ft 
high  heat  by  a  simple  instrument  is  in  many  instances  much 
needed,  and  a  good  pyrometer  is  yet  a  desideratum.  HoweveTi 
there  is  no  simple  instrument  known  for  this  purpose,  and  we 
are  obliged  to  estimate  the  degree  of  heat  by  investigating  the 
composition  of  the  fuel.  All  the  heat  generated  by  combustion 
must  be  contained  in  the  products  of  combustion;  &om  the 
latter  it  is  absorbed  by  some  means  or  other.  In  all  instanoeSi 
it  is  necessary  to  convert  the  heat  obtained  fix)m  these  products  of 
combustion  into  an  equivalent  of  heated  water,  because  in  that 
case  the  operation  is  more  simple  than  when  calculated  for  com- 
mingled matter.  The  degrees  of  heat  thus  obtained  may  be  ap- 
plied to  other  substances  by  comparing  their  specific  capacity  for 
heat,  and  the  space  in  which  combustion  is  performed. 

One  part  of  carbon,  on  being  converted  into  carbonic  acid, 
absorbs  2§  parts  of  oxygen;  the  quantity  of  heat  generated 
must  be  therefore  5400°  x  2S  •=»  14,864°  or  taking  a  simple 
figure,  14,000° ;  that  means,  one  poimd  of  pure  carbon  will  heat 
14,000  pounds  of  water  one  degree  higher,  or  one  pound  of  water 
14,000  degrees  higher.  In  this  instance  we  may,  for  the  sake  of 
convenience,  convert  the  qualitative  heat  into  quantitative,  and 
reverse  it,  but  this  operation  is  not  applicable  in  practice.  "When 
one  pound  of  carbon  is  converted  into  carbonic  acid,  it  forms  8} 
poimds  of  that  gas,  which  must  be  considered  as  containing  the 
whole  of  the  heat  generated ;  and  if  no  other  gases  are  present, 
that  is,  if  the  combustion  is  performed  by  pure  oxygen  and  pure 
carbon,  in  an  absolutely  non-conducting  and  non-absorbing  appa- 
ratus, the  degree  of  heat  generated  in  that  combustion  must  be 

14  364° 

-_!_- —  =  3900°,  provided  the  specific  heat  of  carbonic  acid  is 

equal  to  that  of  water.    When  the  latter  is  1,  the  specific  heat  of 

carbonic  acid  is  221,  which  brings  the  temperature  at  the  moment 

8900° 
of  combustion  between  pure  oxygen  and  pure  carbon  to  ■■ 

17,642°.     This  degree  of  heat  can  never  be  produced  in  practice^ 
for  we  never  burn  pure  carbon  in  pure  oxygen ;  and  the  other  con- 
ditions requisite  to  generate  it  cannot  possibly  be  complied  with. 
In  practice  combustion  is  carried  on  by  means  of  atmospheric 
air ;  and  as  the  quantity  of  nitrogen,  and  its  capacity  for  heat,  is 
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mich  that  it  absorbs  nearly  twice  the  amount  of  heat  as  the 
newly  formed  carbonic  acid,  the  above  degree  of  heat  must 

be  reduced  to      *^      =  5,880°.    Common  fiiel  is  not  often  pure 

carbon,  and  charcoal  has  water  and  air  condensed  in  its  pores ; 
this  must  be  heated,  and  the  heat  absorbed  must  be  subtracted 
from  the  above.  In  wood  there  is  always  a  large  quantity  of 
water ;  this  is  converted  into  steam,  and  the  heat  absorbed  must 
be  substracted  from  the  above.  Anthracite  coal  should  furnish 
the  largest  quantity  of  heat  fix>m  the  same  weight  of  fuel,  because 
it  contains  little  hydrogen,  and  little  air  or  water  is  condensed  in 
its  pores.  Bituminous  coal  should  furnish  an  equally  high  tem- 
perature, and  an  equal  amount  of  heat  as  anthracite ;  but  this  is 
not  the  case,  chiefly  on  account  of  its  softness,  and  its  volatile 
substances,  which  carry  oflf  a  large  quantity  of  carbon,  which  is 
either  not  burned  at  all,  or  imperfectly,  and  thus  escapes  from 
the  place  of  immediate  combustion. 

In  practice,  we  never  obtain  the  degree  of  heat  which  has  been 
calculated  from  these  elements.  It  has  been  foimd  that,  if  not  the 
greatest  intensity  of  heat,  at  least  the  greatest  economy  in  fuel, 
Or  quantity  of  heat,  is  obtained  when  twice  as  much  air  is  con- 
ducted through  the  fuel  as  is  actually  necessary  for  combustion. 
If  now  we  assume  the  temperature  of  the  atmosphere  to  be  82°, 

the  temperature  in  the  grate  can  at  best  be  only  -^  =  2,940°. 

The  quantity  of  free  oxygen  in  a  re-heating  furnace  for  iron  is 
about  half  as  much  more  than  that  which  has  been  consumed 
by  the  fuel,  which  will  bring  the  temperature  in  the  re-heating  fur- 
nace to     -^— ^ —  =  8,920° ;  this  is  the  most  fevorable  condition 

under  which  fuel  can  be  burned ;  we  can  by  no  means  obtain  a 
higher  heat  from  the  best  and  purest  fuel  To  feed  fbel 
with  exactly  that  amount  of  oxygen  required  for  the  formation 
of  carbonic  acid,  is  almost  impossible  in  practice ;  and  it  has  been 
found  that  when  the  quantity  of  oxygen  is  not  greater  than  that 
required  for  the  formation  of  carbonic  acid,  a  loss  of  fuel  and  a 
low  degree  of  heat  is  the  consequence.  All  the  oxygen  is  not 
absorbed  in  passing  through  a  low  stratum  of  coal ;  the  contact  of 
oxygen  with  carbon  is  thus  limited ;  and  as  part  of  it  is  converted 
into  carbonic  oxide,  which  of  course  furnishes  but  half  the  quan- 
tity and  half  the  degree  of  heat,  we  cannot  expect  the  highest  re- 
sults in  practice. 
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Hydrogen  does  not  ftimish  a  higli  degree  of  heat;  it  gives  oflf 
a  large  quantity,  but  not  of  good  quality,  and  the  apparently  higher 
heat  in  the  combustion  of  bituminous  coal  compared  with  that  of 
anthracite  or  charcoal,  is  derived  from  the  fine  particles  of  car- 
bon which  float  in  the  gas.  Hydrogen  absorbs  a  large  quantity 
of  oxygen,  and  should  furnish  much  heat ;  but  the  result  of  its 
combustion  is  steam,  which  has  a  capacity  for  heat  four  timifi 
greater  than  carbonic  acid  gas ;  it  absorbs  therefore  four  times  as 
much  heat  as  the  latter,  in  order  to  be  heated  to  the  same  degree; 
or  what  is  the  same  thing,  the  temperature  must  be  four  tunes 
lower.  Besides  this  defect  of  hydrogen  compared  to  carbon  ia 
respect  to  qualitative  heat,  its  product  of  combustion  is  nearly 
three  times  as  voluminous ;  the  heat  spreads,  therefore,  over  a 
larger  space,  and  consequently  loses  in  direct  proportion  in  il^ 
tensity.  These  investigations  show  distinctiy  the  superiority  cf 
carbon  over  hydrogen,  and  also  over  most  other  combustible 
substancea  It  is  beyond  the  limits  of  this  work  to  enter  fiurther 
into  these  speculations ;  it  is  sufficient  to  show  the  arguments 
upon  which  some  of  our  conclusions  in  subsequent  pages  aie 
based.  According  to  the  foregoing,  the  degree  of  heat  at  the 
point  of  combustion  must  be  as  represented  in  the  following  table. 

D«grM6  of  hmi  prodaeed  hj  eombaftioa 


/- 


In  pure  oxygen,  In  stiiioiph«ric  all; 

Carbon  17,770°  4,424° 

Carburetted  hydrogen  (coal-gas)  10,843°  8,829° 

Alcohol  8,187°  8,488° 

Hydrogen  5,709°  2,899° 

These  numbers  are  not,  and  cannot  be,  quite  correct,  but  approx- 
imate to  the  actual  temperature,  and  afford  elements  for  compar- 
ison. 

When  we  consider  the  quantity  of  heat  generated  by  ftiel, 
the  capacities  of  it  appear  quite  different  from  the  above,  as  the 
following  table  shows : 

Om  put  bj  weight  of  each  of  the  following  rabetancei  will  heat  the  rahjoinad  weights  of  watar 

32  to  212  degreea. 

Hydrogen, 286  weights. 

Pure  carbon, 78          " 

Charcoal, 75          " 

Dry  wood, 86          " 
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Wood  with  20  per  cent,  moisture,     .  27 

Stonecoal, 60 

Peat, 25  to  80 

Alcohol, 67 

Oil,  &t,  wax,  &c.,     .        .        .  90  to  95 


(( 

u 
u 


This  table  may  be  applied  for  degrees  of  heat  as  well  as  for 
weights.  It  does  not  make  any  di£ference  if  one  pound  of  car- 
bon heats  78  pounds  of  water  firom  82^  to  212^,  or  heats  one 
pound  of  water  to  78  X  180^,  provided  that  degree  of  heat  can 
be  produced  bj  the  fuel. 

S^pedjic  Heat — As  the  specific  heat  of  the  products  of  com- 
bustion, as  well  as  those  substances  which  are  to  be  heated,  are 
of  some  consequence  in  calculations  of  this  nature,  we  subjoin  a 
table  of  specific  heats  of  various  substances. 

Specific  Heat  of  Bodies.     Water^^VOO. 

Glass  imder  which  all  slags  may  be  included,  *1770 

Iron, -1098 

Copper, -0949 

Zinc, -0927 

Silver, -0557 

Platinum, -0855 

Mercury, -0880 

Lead, -081 

Tin, -056 

Bismuth, -029 

Carbon, '257 

Phosphorus, '188 

So  far  we  have  investigated  all  that  may  be  of  general  interest 
in'respect  to  fiiel,  and  shall  now  proceed  to  the  examination  of 
particular  kinds  of  fiiel. 

Wood, — The  fuel  most  generally  in  use  in  metallurgical 
operations  is  wood,  either  in  its  raw  form,  that  is,  green;  or  air- 
dried,  kiln-dried  or  charred.  An  equal  weight  of  dry  wood  fur- 
nishes an  equal  weight  of  charcoal,  or  an  equal  amoimt  of  heat. 
But,  as  it  would  be  too  laborious  besides  being  imcertain,  to 
weigh  wood  in  order  to  determine  its  value,  the  wood  is  mea- 
sured, of  which  a  cord  of  128  cubic  feet  forms  a  unit;  and  by 
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applying  the  values  found  in  a  pievious  table  we  obtaiB  the 
value  of  a  cord  of  wood  of  the  various  kinds.  In  measaring 
wood,  the  billets  should  be  of  uniform  length,  that  is,  four  fiset  frnn 
end  to  shoulder ;  this  causes  the  billets  to  be  on  an  average  from 
8  to  6  inches  longer,  from  one  extreme  point  to  the  other.  In 
piling  the  wood  the  billets  must  be  thrown  in  gently ;  not  skil- 
folly  laid,  so  as  to  cause  open  spaces.  A  cord  of  wood  measures 
eight  feet  in  length  and  four  feet  in  height,  closely  piled,  with  billets 
four  feet  long.  In  uniformly  piled  wood  we  may  calculate  on  a  cer- 
tain weight  of  either  green  or  dry  wood,  and  by  referring  to  the 
table,  page  489,  all  the  data  which  are  worthy  of  attention  may 
be  found. 

A  division  into  soft  and  hard  wood  is  an  imperfect  classifica- 
tion, for  there  is  no  distinct  limit  between  the  two.  The  same 
tree  affords  often  hard  and  soft  wood.  This  subject  is  of  little 
interest  to  the  metallurgist,  and  hardly  worth  notice.  The  chemi- 
cal  composition  of  wood  with  that  of  the  ashes,  and  its  capacity 
for  the  absorption  of  water,  is  of  more  impgrtance  to  us. 

Composition  of  the  Fibre. — The  composition  of  the  woody  fibre, 
dried  at  212°,  is  shown  very  little  to  vary  in  the  various  kinds 
of  wood,  as  the  following  table  indicates : 


Carbon. 

Pure  woody  fibre      .        •  52*65 

Oak, 49-43 

Black  poplar     .        .        .  49-70 

Pine,    .....  49-95 

For  these  reasons  the  quantity  of  heat  obtained  is  nearly  the  sasie 
for  all  kinds  of  dry  wood,  as  shown  below : 

One  part  of  Oak,  reduced  in  the  crucible,  14-05  parts  of  litharge. 
"  Linde,  "  14-43  " 

"  Beech,  "  1400  " 

"  Poplar,  "  13-10  " 

"  Pine,  "  18-27  " 

From  these  two  tables  we  readily  draw  the  conclusion  that 
equal  quantities  of  dry  woody  fibre  must  furnish  equal  quanti* 
ties  of  charcoaL 


[ydrogen. 

Ozjgwii 

6-25 

4210 

6-07 

44-50 

6-31 

43-99 

6-41 

43-66 
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Amount  of  WiUer, — ^This  ib  not  uniform,  it  varies  greatly  in 
diffiarent  kinds  of  wood.  In  100  parts  of  green  wood  it  was 
Ibimd  that 

Willow,  contained  26*0  parts  of  water. 

Sycamore,  "  270 

Ash,  "  28-8 

Oak,  "  34-7 

Horse  Chestnut,  "  88-2 

Pine,  "  39-7 

Eed  Beech,  "  89-7 

Italian  Poplar,  "  43-2 

Black  Poplar,  "  51-8 

The  quantity  of  hygroscopic  water,  as  shown  above,  is  not  uni- 
form throughout  ike  year ;  it  is  smaller  in  winter  than  in  fall 
and  spring,  and  largest  during  the  summer  season.  The  dififer- 
encif  is  considerable,  as  shown  below. 

Qoantity  of  W«t0r  in  the  Mootlii  of 


January. 

ApriL 

Ash, 

28-8 

88-6 

.  Maple, 

38-6 

40-8 

Chestnut, 

40-2 

47-1 

White  Pine, 

.     62-7 

61-0 

The  quantity  of  water  thus  found  in  the  live  tree,  is  greatly 
diminished  by  exposing  the  chopped  wood  to  dry  atmospheric 
air,  which,  when  the  operation  is  well  performed,  reduces  the 
quantity  of  water  to  a  nearly  uniform  standard.  100  parts  of 
wood,  thus  dried,  were  found  to  contain : 

Oak,     16*64  parts  of  water.       Maple,  18*68  parts  of  water. 

TK^^        t^T.KQ  a  T  l^A^      1  Q.7Q  it 


Pine,    17*63 
Beech,  18*56 


C( 


Linde,  18*79 
Poplar,  19*55 


II 


This  shows  that  no  great  error  is  committed  in  assuming  the 
presence  of  20  per  cent  of  water  in  air-dried  wood.  The  quan- 
tity of  water  in  the  air-dried  wood  may  be  expelled  almost  en- 
tirely, without  altering  the  fibre,  by  exposing  it  to  a  heat  of  270®. 
Ealn-dried  wood  is  generally  dried  at  a  higher  heat,  and  under- 
22 
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goes  in  consequence  a  partial  decomposition ;  this  mode  of  diying 
is  necessary  when  perfectly  dry  wood  is  required,  because  wood 
dried  at  a  low  heat  absorbs  moisture  as  soon  as  it  is  exposed  to 
the  atmosphere,  and  absorbs  during  the  first  24  hours  fix>m  10  to 
16  per  cent.  By  soaking  green  wood  in  water,  a  large  quantity 
of  combustible  substance  may  be  extracted,  which  amounts  to  8, 
or  even  4  per  cent,  of  woody  fibre. 

4.8he8. — ^The  quantity  and  composition  of  the  residue  from 
the  combustion  of  wood  is  very  variable.  The  ashes  in  the  fol- 
lowing kinds  of  wood  amounted  to  the  annexed  per  centage. 


lOOPutaof 

Contained  Aahefl. 

100  Put.  of 

CooMiud 

Oak, 

2-60 

Pine, 

1-24 

linde. 

5-00 

Beech, 

8-25 

The  quantity  of  ashes  is  not  uniform,  throughout  the  whole,  or 
in  all  parts  of  a  tree,  and  it  appears  that  in  old  trees  of  the  same 
kind  the  quantity  of  ashes  is  larger  than  in  saplings.  The  fol- 
lowing table  refers  to  kiln-dried  wood : 


Agfi. 

Kind  of  Wood. 

part  of  the  Tree.                   Quant 

Ity  of  AdMtpcjT 

120  years. 

Oak, 

Trunk, 

2-48 

u 

u 

Branch, 

2-03 

70    " 

a 

u 

2-10 

30    " 

u 

u 

1-45 

70    " 

Beech, 

Trunk, 

•86 

120    " 

(( 

Branch. 

1-98 

75    " 

(( 

(( 

1-70 

20    " 

(( 

"    (very  young) 

1-50 

Not  only  the  quantity  of  ashes  is  of  interest,  but  its  chemical 
composition  has  a  bearing  on  metallurgical  operations.  The 
number  of  elements  in  wood-ashes  is  very  great,  and  a  close 
examination  of  the  subject  belongs  to  chemistry  more  than  to 
our  labors ;  still  we  may  point  out  the  most  characteristic  qua- 
lities. 

Kind  of  Wood.  ^'of^tS?  Si»«^  ^^gSLT™^  Lime  Cart. 

Beech  (charcoal),  8-8           6-8  641  426  7 

Oak  wood,            2-6           4  67-6  64-8  6 

Pine  (charcoal),  10*24         6  83  42-3 

Wheat  straw,        4-4  11*0  60  6-8 
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We  haye  omitted  to  insert  here  small  quantities  of  oxides  of 
iron,  of  alumina,  and  of  manganese;  also  sulphur  in  the  form  of  std- 
phuric  acid,  phosphoric  acid,  chlorine,  and  carbonic  acid ;  because 
the  quantities  are  either  small,  or  the  matter  itself  such  as  the  van* 
CUB  acids,  is  decomposed  in  the  smelting-ftimace.  Of  all  the  parts 
of  the  composition  of  ashes,  those  of  potash,  soda,  lime,  magne* 
sia,  and  iron,  form  the  most  interesting — ^in  &ct  all  electro-posi- 
tive elements — ^because  these  serve  as  fluxes  for  silex ;  and  where 
the  minerals  are  brought  in  contact  with  the  fuel,  the  presence 
of  an  alkaline  ash  is  of  advantage.  Subjoined  we  insert  a  table 
showing  the  amoimt  of  potlfeh  present  in  various  kinds  of  wood 
and  plants;  and  as  this  shows  the  quantity  of  the  strongest  al- 
kali, we  may  estimate  the  quality  of  ashes  in  metallurgical  opera- 
tions accordingly. 

1000  Parta  of  Oootaia  PMMk 

Pine  wood, 0*46 

Poplar    " 0-75 

Beech     " 1-46 

Oak        " 1-58 

Willow  " 2-86 

Maple     " 8-90 

Wheat  straw, 8-90 

Barley     " 6-80 

Cornstalk, 17-50 

Wormwood, 78-00 

In  some  of  these  ashes  there  is  a  large  quantity  of  silex,  and 
but  little  lime  and  other  alkaline  earths — such  is  the  case  in  wheal 
straw;  and  in  calcukting  ashes  as  fluxes,  we  are  to  consider  this 
circumstance. 

FlammabilUy. — ^In  practice  the  quaUty  of  wood  is  frequently 
classified  according  to  the  &cility  with  which  it  bums ;  and  it  is 
generally  assumed  that  soft  wood  bums  more  vividly  than  hard 
wood.  This  is  not  actually  the  case ;  it  depends  very  much  on 
the  absence  of  water,  and  the  kind  and  quantity  of  ashes.  Soft, 
or  light  wood,  is  sooner  dried  than  hard  wood,  and  is  conse- 
quently suitable  for  use  in  a  shorter  time.  Dry  hickory  is  more 
inflammable  than  most  other  kinds  of  wood,  and  is  also  one 
of  the  hardest  kinds.  The  presence  of  water  in  green  wood 
diminishes  the  inflammabili^,  in  consequence  of  its  absorp- 
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don  of  heat,  and  when  the  amount  of  the  latter  is  great  the  vood 
ceases  to  be  combustible ;  all  the  heat  which  may  possibly  be 
generated  in  burning,  is  absorbed  by  the  hygroscopic  water  in 
being  converted  into  steam.  The  presence  of  water  in  any  fhel 
causes  a  serious  loss  of  heat,  particularly  in  wood ;  because  its 
porosity  adapts  it  more  than  any  other  fuel  to  absorb  water.  The 
quantity  of  heat  absorbed  by  water  in  being  converted  into 
steam,  may  be  calculated  with  great  precision ;  and  as  all  aiiv 
dried  wood  contains  from  20  to  26  per  cent  of  hygroscopic  watery 
we  may  easily  determine  the  amount  of  heat  thus  lost  When  pure 
carbon,  or  perfectly  dry  wood,  produces  a  temperature  of  40009 
— which  may  be  higher  or  lower  in  some  cases — ^and  if  in  such  fiid 
there  is  25  per  cent  of  water,  the  total  quantity  of  heat  generated 
by  100  pounds  is  reduced  to  75  pounds  which  produce  heat,  and 
25  pounds  which  absorb  it.  This  loss  is  the  more  serious  as  water 
requires  a  large  amount  of  heat  to  be  converted  into  steam,  or  gas, 
which  heat  is  not  recovered  but  by  the  condensation  of  the  steam 
into  the  original  fluid  form  of  water.  The  latter  condition  is 
never  obtained  in  the  common  process  of  combustion,  particu* 
larly  in  metallurgical  operations,  the  water  always  escaping  in  the 
form  of  steam.  When  kiln-dried  wood  produces  4000°  of  heat) 
it  has  been  calculated  that  air-dried  wood  cannot  produce  a 
higher  heat  than  3000°;  and  as  the  quantity  of  water  increases, 
the  temperature,  and  consequently  the  amount  of  available  heat, 
is  greatly  diminished.  The  above  figures  are  not  absolutely  true ; 
they  merely  approximate  to  the  real  loss,  for  it  is  not  possible  to 
calculate  the  exact  amount 

Drying  of  Wood, — In  order  to  avoid  the  loss  of  heat  caused  by 
the  presence  of  water,  and  also  to  produce  the  degree  of  heat  require 
ed  in  particular  operations,  such  as  melting  in  reverberatories ;  and 
in  order  to  avoid  loss  of  metal  by  the  oxidizing  quality  of  steam, 
which  is  particularly  apparent  in  reheating  and  puddling  iron,  the 
wood  is  dried,  either  naturally,  by  exposing  it  to  the  influence  of  the 
atmosphere  in  the  open  air,  under  sheds,  or  by  drying  it  artificially 
in  heaps,  ovens,  or  kilns.  In  many  instances  air-dried  wood,  or 
even  green  wood,  is  preferable  to  perfectly  dry  wood ;  such  is  the 
case  in  roasting  ore,  burning  lime,  and  in  all  operations  by  which 
carbonic  acid,  sulphur,  phosphorus,  and  other  volatile  substances 
are  to  be  expelled ;  or  where  a  metal  is  to  be  oxidized,  or  a  metallio 
ore  is  to  be  more  highly  oxidized.  The  presence  of  the  vapors 
of  water  has  here  a  threefold  advantage — it  prevents  a  too  high 
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lieat,  carries  off  the  volatile  matter,  and  furnishes  oxygen  for  oxi- 
dization. This  eflfect  may  be  produced  by  atmospheric  air,  but 
not  as  perfectly  as  by  means  of  hot  steam.  If  a  sulphuret  is  to 
be  decomposed,  the  degree  of  heat  should  be  low  in  order  to  pre- 
vent its  melting — ^the  presence  of  water  will  more  fully  eflfect  this 
object  than  any  other  means.  When  atmospheric  air  only  has 
access  to  the  heated  sulphuret^  oxide  of  metal  and  sulphurous 
add  will  be  formed ;  the  latter  is  heavy  and  not  so  easily  carried 
oflf— in  the  presence  of  steam  it  will  escape  with  the  latter.  I^ 
in  this  case,  water  is  the  oxidizing  agent,  oxide  of  metal  and  sul- 
phureted  hydrogen  is  formed ;  and  the  latter  being  very  light,  is 
easily  removed.  In  all  cases  of  roasting,  particularly  sulphurets, 
air-dried  wood,  or,  still  better,  green  wood  in  the  lower  layers  of 
the  pile,  is  preferable  to  any  other  kind  of  fuel. 

Air-dried. — The  most  simple  means  of  drying  wood,  is  to  cord 
it  in  the  woods  in  dry  and  open  places,  upon  rocky  or  stony 
ground,  so  as  to  admit  a  &ee  circulation  of  air  below  the  piles. 
Swampy  or  damp  ground  is  not  favorable  to  this  operation ;  and 
when  no  other  opportunity  is  afforded  to  facilitate  the  removal  of 
moisture,  the  cords  should  be  set  upon  a  grating  formed  of  dead 
timber,  so  as  to  bring  the  lower  billets  as  high  above  ground  as 
possible.  In  the  latter  instance  it  is  advisable  to  cord  higher  than 
four  feet,  if  the  means  are  aflforded,  so  as  to  bring  most  of  the 
wood  high  above  ground.  Air-dried  wood  is  not  only  of  great  ad- 
vantage where  it  is  used  directly  in  the  furnaces,  but  also  for  char- 
ring. Charcoal  is  obtained  in  greater  quantity,  and  better  in  qual- 
ity, when  made  from  dry  than  from  damp  or  green  wood.  The 
time  required  for  reducing  the  quantity  of  water  as  low  as  possi- 
ble, varies  of  course  according  to  the  kind  of  wood.  Light,  po- 
rous, old  wood,  is  sooner  dried  than  hard,  close,  young  wood. 
On  rocky  dry  ground  it  requires  less  time  than  on  damp  ground, 
and  high  piles,  when  covered,  will  soon  lose  their  water.  Wood 
out  in  fall  and  winter  is  sooner  dry  than  that  which  is  cut  during 
spring  and  summer,  and  has  besides  the  advantage  of  being  more 
close  and  compact.  Six  months,  and  from  that  to  twelve  months 
are  sufficient  time  for  drying  any  kind  of  wood,  and  in  favora- 
ble locations  even  less  time  is  sufScient  for  evaporating  the  water. 
In  all  cases  wood  should  be  air-dried  before  it  is  exposed  to  the 
heat  of  a  drying  oven  or  the  charring  kiln. 

When  wood  is  to  be  used  air-dried,  and  that  is  to  be  accom- 
plished to  the  highest  degree,  the  billets  of  split  wood  are  piled 
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in  high  he&pa,  either  in  or  near  the  smelt-vorks,  or  bo  &r  jemoni ' 
that  no  danger  of  kindling  them  accidentally  by  flying  spaxla  is' 
i^preheaded,  or  in  the  woods,  in  case  it  is  safe  to  leave  it  there  far 
a  longer  time.    For  if  &  laige  pile  takes  £re  the  loaaea  are  gen- 


erally great  The  best  form  of  piling  wood  ia  represented  in  -Qg. 
148.  At  each  end  of  the  pile  a  square  pillar  ia  erected  of  billets 
crossing  each  other,  and  laid  as  open  as  possible,  so  as  to  admit 
of  the  free  circulation  of  air ;  these  pillars  must  be  strong,  and 
may  be  a  little  inclined  towards  each  other.  They  are  four  feet 
square,  or  the  length  of  the  billets.  Between  thrae  two  end  pil- 
lars, in  distances  of  eight  feet,  low  pillars  are  erected,  about  three 
feet  high ;  these  are  sloped  on  two  sides,  so  as  to  form  a  pyramid. 
The  spaces  between  these  various  pillars  are  occupied  by  billets, 
nearly  vertical,  so  as  to  form  open  spaces  for  the  access  of  air; 
these  upright  billets  are  a  little  inclined,  so  as  to  form  a  firm  foun- 
dation about  three  feet  high,  upon  which  the  wood  may  be  piled 
to  any  height  which  it  is  safe  and  convenient  to  adopt.  When  such 
a  pile  can  be  erected  at  the  side  of  a  hill,  or  ia  made  accessible  by 
other  means,  a  height  of  from  20  to  25  feet  may  be  reached ;  in 
other  cases  it  ought  to  be  at  least  from  12  to  15  feet  high.  The 
top  of  the  pile  ia  either  covered  by  flat  billets,  by  slabs,  or  by 
boards,  so  as  to  form  a  roof  from  which  the  rainwater  easily  flowa 
off,  and  may  be  carried  beyond  the  walls  of  the  pile.  The  lower 
part  of  the  wood-pile  being  thus  accessible  to  the  air,  it  is  neces- 
sary to  form  as  many  and  as  large  spaces  as  possible  through- 
out the  whole  height,  in  order  that  there  may  be  a  series  of 
draught  holes  or  chimneys  for  its  thorough  circulation.  From 
this  it  is  evident  that  the  height  of  the  pile  ia  of  considerable 
influence  in  this  operation,  for  it  is  the  cause  of  the  motion  of 
ur,   and  the  higher  it  is,  the  stronger  that  motion   must  be. 
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Some  wood-cIioppeTB  possess  a  remarkable  BkDl  in  cording  vood 
to  their  own  advantage,  and  such  should  be  employed  to  set  a 
pile  of  this  kind.  When  the  means  are  aflbrded  to  erect 
wood-]nlflS  under  sheds,  or  better  still,  near  or  in  the  boild- 
lags  of  the  smelt-works,  the  process  of  drying  may  be  greatly 
facilitated,  and  the  effect  of  the  wood  augmented,  by  carrying  <^ 
a  larger  quantity  of  moisture  than  can  be  accomplished  in  the 
open  air.  In  some  instances,  the  wood  is  cat  and  split  into 
shorter  and  smaller  pieces  than  billets  of  cord-wood  generally  are ; 
when  this  can  be  done  while  the  wood  is  green,  the  prooesa  of 
drying  is  remarkably  shortened. 

Siln-dried. — For  moat  of  the  metallurgical  operations,  air-diied 
wood  oontuns  too  much  moisture,  which,  if  the  loss  in  heat  is 
not  considered,  must  be  removed  in  order  to  prevent  oxidation 
by  the  vapor  of  water  which  is  thus  brought  into  the  fumaoe. 
In  all  processes  of  reduction,  the  hygroscopic  water  must  be  re- 
moved before  bringing  the  fuel  into  the  furnace ;  and  in  melting 
and  heating  metal  it  must  be  removed,  in  order  to  prevent  oxida- 
tion and  consequent  loss  of  metal.  The  best  means  for  drying 
are  ovens,  or  kilns,  of  a  capacity  of  from  25  to  100  cords  of  wood. 
These  ovens  are  variously  constructed,  of  which  we  shall  fiimidi 
a  few  examples.  The  main  expense  in  drying  wood  in  kilna, 
is  caused  by  handling  the  wood;  that,  together  with  the  coat  of 
the  kilna,  is  the  reason  why  Icilns  are  not  more  generally  used. 
In  u^ng  air-dried  wood,  J  of  the  heat  generated  is  in  most 
cases  lost  in  evaporating  the  hygroscopic  water.  If  there  was 
no  other  consideration  than  this,  it  would  be  a  sutQcieat  in- 
ducement for  drying  wood  artificially,  particularly  where  the 
price  of  this  fuel  is  high.  We  annex,  in  fig.  Ii9,  the  drawing 
of  a  kiln,  which  is  rather  expensive  in  the  first  cost  of  erection 


and  also  in  its  operation.    This  kiln  forms  a  lon^  chamber  of  from 
12  to  20  feet  in  lengdi,  10  feet  high,  and  about  9  feet  wide,  for 
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two  leDgtha  of  billets.  The  wood  is  charged  throogh  o 
marked  A  A,  in  the  sides  of  the  fiimace,  which  are  shut  eiAor 
by  iron  doors,  or  b;  bricks  temporarily.  Tbroughoat  the  lengA 
of  the  kiln  and  in  its  bottom  is  a  cast-iron  pipe,  of  fixnn  14  M 
18  inches  diameter  in  the  clear.  This  pipe  conmninicates  at  <rw 
end  with  the  furnace  or  fire-chamber,  and  at  the  other  with  dM 
chimney.  Instead  of  one,  there  may  be  two  or  more  pipes.  TIm 
whole  1!umace  and  chimney  is,  or  may  be,  built  of  red  biic^ 
aeoured  on  the  outside  by  binders  and  stays  of  wood  or  ircHi. 
When  the  furnace  ia  charged  with  wood,  of  which  the  lowert 
layer,  to  prevent  its  catching  fire,  ought  to  be  about  a  foot  from 
the  iron  pipe,  the  side-doors  arc  shut,  well-secured,  and  made  tJr- 
tight  by  clay  or  loam.  Fire  is  kindled  in  the  furnace  grate,  the  heat 
and  smoke  of  which  passes  through  the  iron  pipe  into  the  ohinf 
ney,  and  is  consequently  not  brought  in  contact  with  the  woodi 
The  fuel  used  in  the  fire-chamber,  may  be  dead-wood,  sawdtut, 
bark,  slack  coal,  peat,  or  in  fact  any  worthless  substance  which 
fbmishes  heat  sufficient  for  drying.  The  vapors  of  water  eeo^ie 
from  a  series  of  small  square  openings  in  the  roof,  which  may  be 
shut  by  a  brick  or  slab  when  required.  The  object  being  merely 
to  expel  water,  the  temperature  in  the  drying  chamber  ought  not  to 
be  much  higher  than  the  boiling  heat  of  water ;  at  least  not  be- 
yond 250°.  Tbis  condition  is  observed  through  the  holes  in  the 
roof,  wliich  serve  in  the  mean  time  to  regulate  the  heat  uniformly 
over  the  whole  of  the  chamber,  by  shutting  or  opening  one  or 
the  other.  A  heat,  or  one  charge,  may  be  accomphshed  in  48 
hours,  that  is,  24  hours  for  heating,  and  24  hours  for  cooling,  dis- 
charging, and  charging  again. 

A  kiln  somewhat  more  suitable  to  perform  well,  if  attention  be 
daid  to  the  heaticg  of  it,  and  requiring  less  labor  in  charging  and 
discharging  than   the  above,  is  represented  in  fig.  150.     This 


oven  may.be  from  20  to  SO  feet  or  more  in  length,  10  or  12  feet 
high,  and  equally  as  wide.     It  is  built  of  common  red  bricks, 
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bftvii^  walls  IS  inches  thick,  secured  by  wooden  stays.  At 
each  of  the  long  ends  is  a  double  gate  of  wood,  plastered  over 
OD  the  inside  with  loam,  which,  for  the  sake  of  greater  dura- 
bility, may  be  moistened  with  brine.  These  doors  are  of  such 
a  size,  that  a  loaded  wagon  or  cart  may  enter  backwards  di- 
leotly  into  the  oven,  and  there  be  unloaded  with  great  facUi^. 
When  the  oven  is  filled,  the  doors  are  shut,  and  the  access  of  fresh 
air  is  prevented  with  clay.  Throughout  the  length  of  the  bottom 
(^  the  oven  is  a  flue,  covered  by  double  or  triple  layers  of  bricks, 
which  are  provided  with  openings  for  the  escape  of  the  heat^ 
Sire  is  kindled  at  both  ends,  or  at  one  end  (A)  below  the  doors, 
as  the  case  may  require ;  and  the  hot  gases  and  emoke  pass  through 
the  wood  in  the  chamber,  where  they  absorb  the  moisture,  and 
thence  out  at  a  series  of  small  openings,  which  are  ahnt  or  opened, 
as  in  the  kiln  fig.  151.  This  kiln  may  be  heated  by  an  iron  pipe, 
like  the  one  last  mentioned.  This  method  is  to  be  preferred,  aa 
there  is  less  danger  that  the  wood  will  take  fire,  which  often  hap- 
pens if  the  oven  is  not  well  watched.  When  it  occurs  there  ia 
always  a  considerable  loss  of  fuel    AH  the  openings  of  the  oven, 


fire-places,  doors,  and  top,  must  now  be  well  stopped  up  to  pre- 
vent the  access  of  air  to  the  interior ;  any  fire  may  thus  be  easily 


The  ovens  described  above  have  disadvantages,  such  as  will 
hardly  admit  of  their  extensive  use  in  this  country.  The  opera- 
tion is  expensive  in  consequence  of  the  repeated  handling  of  the 
wood.  A  cord  of  wood  cannot  be  loaded  or  xmloaded,  or  in  fact 
thrown  from  one  place  to  another,  for  leas  than  10  cents.  To  load 
wood  from  a  pile  in  a  yard,  it  must  be  twice  handled,  or  two  men 
arc  required ;  to  charge  it  into  the  oven,  and  to  discharge  it,  each 
requires  two  handlings;  and  to  unload  it,  one:  in  all,  the  wood  must 
be  seven  times  taken  in  hand  before  it  is  dried.  When  we  add 
fuel  and  labor  at  the  kiln,  a  cord  of  wood  cannot  be  dried  for  less 
than  one  dollar.   When  a  cord  of  air-dried  wood  costs  $3,  the  ex- 
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peii8eofdi7iiigwillrai8eitto$4;  thus  the  adTontagea  derived  from 
drying  are  absorbed  by  the  expense  which  it  causes.  When  the 
wood  is  cheaper  than  $3,  it  will  admit  of  it ;  wheo  it  is  higher  than 
that  price  there  may  be  some  small  advantages.  The  chief  ex- 
penses arise  hers  &om  the  handling  and  transportation  of  the 
wood ;  and,  as  this  may  be  considerably  lessened  by  proper  ar> 
rangements,  and  as  it  is,  in  most  coses,  advantageous  to  kiln-diy 
it  before  using  it  iu  any  smelting  operation,  we  propose  the  follow- 
ing oven  and  arrangement  for  this  purpose.  Id  fig.  162  is  repre- 
sented a  drying  oven,  such  as  is  shown  in  fig.  163 ;  with  the  only 
difference,  that  cars  running  on  a  railroad  track,  and  made  at- 


tirely  of  wrought  iron,  are  loaded  in  the  yard,  then  pushed  into 
flie  hot  oven,  where  they  remain  until  the  wood  contained  in 
them  is  dry  ;  they  are  then  taken  from  the  oven  directly  to  the 


smelt-works,  and  unloaded  as  the  wood  is  gradually  used  in  the 
furnaces.  By  this  means  all  of  the  handling  of  the  wood  is 
avoided,  it  may  be  thrown  on  the  cars  m  the  yard,  and  no  un- 
loadmg  IS  required ,  here  the  eipenses  for  loadmg  are  only  10 
cents,  and  the  hauling  may  be  ten  more.  Thus  a  large  quantity 
of  fiiel  as  well  as  time  may  be  saved,  because  there  is  no  occasion 
to  wiut  for  the  cooling  of  the  furnace.  The  fire  may  be  applied 
in  either  way  described  above.  A  wagon-load  may  consist  of 
two  or  more  cords,  which  will  require  the  cars  to  be  8  feet  long 
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by  4  feet  wide,  and  8  feet  high*  Two  or  three  tracks  for  cars 
may  also  be  laid  in  one  oven.  Thus  to  dry  a  cord  of  wood  can* 
not  cost  more  than  twenty-five  or  thirty  cents,  and  it  will  be  pro- 
fitable where  the  air-dried  wood  costs  only  seventy-five  cents. 

Charcoai.'-^Jji  most  of  the  smelting  operations,  particularly 
those  where  the  fuel  is  brought  into  immediate  contact  with  the 
ore,  the  wood  must  be  charred ;  that  is,  all  the  volatile  substances 
must  be  driven  o£^  and  carbon,  mixed  with  ashes,  only  will  remain. 
The  object  of  this  operation  is  not  so  much  to  drive  off  all  the 
moisture,  as  to  decompose  the  woody  fibre  and  expel  hydrogen. 
Hydrogen  is  a  powerful  reviver  of  metals,  reducing  oxides  rapid- 
ly ;  in  many  cases,  such  as  those  of  smelting  iron  and  copper,  it 
brings  substances  in  contact  with  the  metal  which  deteriorate  its 
quality.  The  methods  by  which  charring  is  performed  are  vari- 
ous. We  shall  describe  only  those  used  in  this  country  and  else- 
where, which  are  really  useful  to  the  metallurgist:  but,  before 
entering  upon  this  task,  we  will  point  to  some  general  fS^ts  in 
charring,  and  the  properties  of  the  charcoal. 

Properties  of  Charcoal. — ^If  the  various  kinds  of  wood  are  char- 
red under  the  same  circumstances,  that  is,  by  the  same  means  and  at 
the  same  temperature,  we  may  obtain  charcoal  of  various  quali- 
ties ;  for  each  kind  of  wood,  as  well  as  its  different  parts,  and  the 
amount  of  moisture  it  contains,  will  cause  a  variety  in  the  quality. 
All  these  varieties  may  be  brought  to  a  uniform  quality  by  proper 
treatment.  We  generally  distinguish  soft  coal  and  hard  coal,  ac- 
cording to  the  kind  of  wood  from  which  it  is  made ;  this  distinction 
is  more  or  less  imperfect,  for  we  may  obtain  a  strong  coal  fix)m  pine 
wood,  and  a  very  friable,  soft  coal  from  hickory.  A  distinction  in 
the  quality  of  the  coal  is  necessary,  but  that  ought  to  depend 
on  the  coal  itself,  not  on  the  wood  from  which  it  is  made.  We 
obtain,  then,  all  other  things  being  equal,  brown  or  red  coal, — 
that  is,  wood  imperfectly  charred, — ^and  black  coal ;  the  latter  in 
a  great  variety  of  forms,  such  as  spongy,  soft,  and  hard  coaL  The 
solid  black  charcoal  consists  chiefly  of  pure  carbon,  some  per 
centage  of  ashes,  and  often  a  little  hydrogen.  Ked  coal  is  composed 
of  about  seventy -five  parts  of  carbon  and  twenty-five  parts  of  water, 
that  is,  the  elements  of  water,  oxygen  and  hydrogen.  It  still  con- 
tains half  the  quantity  of  water  which  was  in  the  kiln-dried 
wood,  which  consisted,  namely,  of  50  parts  of  carbon  and  60 
parts  of  the  elements  of  water.  The  process  of  making  red  coal 
is  therefore  half-way  between  black  coal  and  kiln-dried  wood. 
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In  delicate  metaUurgical  operations,  such  as  making  steel,  it 
is  of  some  consequence  to  know  the  kind,  and  the  quantity  of  the 
ashes  in  the  coal.  If  we  know  the  amount  of  ashes  in  air-dried 
wood,  we  find  that  of  the  coal  by  multiplying  that  amount  6 
times ;  for  in  a  well-conducted  charring  operation  we  obtain  j  of 
the  weight  of  air-dried  wood  in  hard  black  charcoal,  i  of  the 
kiln-dried  wood,  and  ^  of  the  red  coal.  The  quantity  of  ashes 
in  black  charcoal  made  of  linde  wood  was  found  to  be  8"55  per 
cent,  that  of  ash  2*27,  of  pine  1'88,  and  oak  '75;  these  quantities 
may  be  rather  low,  but  they  afford  a  comparative  estimate,  CJoal 
which  has  been  charred  imder  such  disadvantages  that  half  the 
carbon  is  burned  away,  of  course  contains  twice,  and  in  many 
cases  three  times  as  much  ashes  as  these  nimibers  indicate.  Fine 
coal,  or  the  small  coal  about  a  pit,  generally  contains  a  large  quan* 
tity  of  ashes,  because-  much  of  the  carbon  has  been  destroyed; 
for  these  reasons  such  coal,  or  dust — ^braise,  as  it  is  called — is 
heavy,  burns  very  slow,  and  is  used  chiefly  in  the  fires  of  foiiges. 

Absorption  of  Water. — Charcoal,  particularly  when  fresh,  ab* 
sorbs  moisture  and  air  with  great  rapidity ;  this  absorption  is  fre- 
quently so  violent  as  to  cause  the  fresh  coal  to  ignite,  in  cooae* 
quence  of  the  heat  liberated  from  the  condensed  gas  in  the  po^res. 
Fresh  coal  may  absorb,  within  the  first  twenty-four  hours  after,  its 
charring  and  cooling,  from  1  per  cent,  to  20  per  cent,  of  its  weight 
of  water  and  air.  By  experiments,  it  was  found  that  hard  coal 
absorbed  within  the  first  twenty -four  hours  of  water  only,  as  fol- 
lows :  beech  coal,  *8  per  cent. ;  ash,  4*06 ;  maple,  4*8 ;  chestnut^ 
6'06;  pine,  8*2;  poplar,  8'5;  and  soft  Italian  poplar,  16'8  per 
cent.  On  an  average,  we  may  assume  that  fresh  coal  absorbs 
about  4  per  cent,  of  water  the  first  day,  and  about  a  half  per  cent, 
every  week  for  the  next  six  months,  after  which  the  absorption  is 
slow ;  this  refers  to  coal  protected  by  a  water-tight  roof  Char- 
coal contains  from  4  to  20  per  cent,  of  moisture,  according  to  its 
age ;  beyond  20  per  cent,  it  hardly  rises,  when  kept  in  dry  store- 
houses. Fresh  and  good  charcoal  may  be  considered  to  consist 
of  97  parts  of  carbon,  and  3  parts  of  ashes ;  coal  as  commonly 
used,  which  has  been  stored  for  2  or  3  months,  contains  85  parts 
of  carbon,  12  parts  of  water,  and  3  of  ashes.  We  must  here  re- 
member that  the  water  is  hygroscopic,  and  absorbs  heat ;  these 
12  parts  will  consume  nearly  two  parts  of  carbon  for  evaporation. 
Red  coal  does  not  absorb  water  so  rapidly  as  black  coal,  particu- 
larly soft  coal ;  still  it  has  been  found  that  after  a  storage  of  four 
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weeks  it  had  absorbed  10  per  cent,  of  moisture.  When  red  coal, 
therefore,  consists  of  74  parts  of  carbon,  24*5  parts  of  hydrogen 
and  oxygen,  and  1'5  parts  of  ashes,  coal  which  has  been  pre- 
pared for  one  month  consists  of  66*6  carbon,  22  of  the  elements 
of  water,  10  water,  and  1*5  ashes.  Hard  coal  and  that  having 
the  least  ashes  will  absorb  the  least  amount  of  water,  and  will 
require  the  longest  time  for  it.  We  observe  here  of  how  much 
importance  it  is  to  produce  a  firm  strong  coal,  and  to  use  wood 
which  contains  the  least  ashes. 

(hmhustibility, — Firm,  hard,  shingling  black  coal  is  ignited 
with  difficulty,  no  matter  of  what  kind  of  wood  it  is  made.  The 
highest  heat  in  the  process  of  charring,  with  the  perfect  exclusion 
of  moisture  and  atmospheric  air,  forms  the  hardest  coal.  On 
the  contrary,  low  heat,  and  the  presence  of  vapors  or  air,  are  the 
causes  of  soft,  friable,  and  extremely  combustible  coal.  Coal  of 
rotten  wood,  or  deadened  wood,  is,  of  all  kinds,  the  most  com- 
bustible, and  often  ignites  spontaneously.  Next  to  this  in  com- 
bustibility is  that  coal  which  has  been  produced  by  the  distilla- 
tion of  soft  wood,  such  as  branches  of  willow  and  poplar,  at  a  low 
heat  in  iron  retorts.  When  such  coal  is  freshly  prepared  and 
powdered,  it  frequently  ignites  without  any  apparent  cause.  Fresh 
red  ooal  is  easily  kindled  and  very  inflammable ;  but  it  does  not 
ignite  by  the  mere  absorptioh  of  air  and  water.  In  all  metallurgi- 
cal operations  we  need  chiefly  hard,  strong  coal ;  those  cases  where 
soft,  friable  coal  is  required  are  few,  and  may  be  supplied  by  the 
waste  coal  which  is  always  more  or  less  abundant  in  any  colliery. 
The  necessity  of  producing  hard  coal  is  the  more  apparent  when 
we  consider  that  it  absorbs  less  moisture  in  the  same  time,  and 
retains  its  form  better,  than  soft  coal ;  it  is  attended  also  with  less 
waste  in  the  kiln  and  the  coal-houses.  For  these  reasons,  the 
arrangements  for  charring  wood  must  be  such  as  to  produce 
that  coal  which  is  the  most  compact  and  most  incombustible; 
and  as  a  high  degree  of  heat,  with  the  absence  of  moisture  and 
air,  are  the  most  important  requisites  in  making  it,  the  operation 
must  be  so  conducted  as  to  secure  them. 

Quantity  of  Heat  in  Charcoal, — In  former  pages,  we  have 
spoken  of  this  subject,  and  merely  add  here,  that,  when  the  quan- 
tity of  heat  in  fresh  charcoal  is  97  parts  in  the  100,  it  cannot  ex- 
ceed 84  after  it  has  been  exposed  for  one  month  to  the  air ;  or,  if 
the  loss  of  heat  caused  by  the  evaporation  of  moisture  and  gas  is 
considered,  it  cannot  be  more  than  80  parts.    We  hence  perceive 
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the  necessity  of  changing  the  coal  charges  to  a  fiimaoe,  in  case 
fresh  or  old  coal  is  used,  and  the  propriety  of  using  coal  of  nearly 
the  same  age,  if  regolar  work  is  to  be  expected.  In  addition,  the 
necessity  of  bringing  coal  under  a  shelter  as  soon  as  possible  is 
manifest  The  specific  gravity  of  the  coal  determines  the  quan- 
tity of  heat  in  a  single  measure  of  it ;  this  extends  to  the  various 
kinds,  provided  they  have  been  charred  on  the  same  prindpleB ; 
but  the  gravity  is  estimated  on  firesh  coal  which  has  not  been  ex- 
posed to  the  influence  of  the  atmosphere.  We  may  depend,  in 
some  degree,  on  the  quality  of  the  wood  for  this  estimate,  as  shown 
in  page  830 ;  still  it  is  clear  that  the  mode  of  manufacturing  the 
coal  has  an  important  influence  on  this  result  Wood  in  charring 
shrinks  greatly,  some  kinds  more  than  others ;  this  shrinkage  also 
depends  on  the  degree  of  heat  and  the  mode  of  charring.  Under 
the  same  circumstances,  soft  wood  shrinks  more  than  hard,  and 
wood  from  old  trees  more  than  that  from  young  trees  and  sap- 
lings. Pine  shrinks  the  most,  beech  less,  and  oak  and  hickoty 
the  Ifeast  of  alL  The  specific  gravity  of  the  charcoal,  therefore, 
cannot  be  estimated  by  that  of  the  wood  of  which  it  is  made. 
When  the  quantity  of  heat  in  a  volume  of  oak  wood  is  28,  that 
in  the  charcoal  made  of  it  is  15 ;  and  when  the  specific  heat*  of 
pine  wood  is  19,  that  of  its  coal  is  17 ;  this  shows  how  much 
more  the  coal  of  pine  diminishes  in  volume  while  charring,  than 
that  of  oak.  If  the  shrinkage  was  the  same  in  all  cases,  the 
quantity  of  heat  in  a  volume  of  charcoal  would  be  exactly  one 
half  that  the  air-dried  wood ;  if  it  is  more  than  one  half  of  the 
shrinkage  is  in  proportion. 

Quantity  of  Coal. — A  prime  object  in  charring  wood  must  be 
to  obtain  as  much  coal  firom  it  as  possible.  The  value  of  coal  is 
estimated  by  weight,  and  if  other  considerations  have  no  influence 
on  the  charring,  the  aim  of  the  collier  must  be  to  obtain  the  ut- 
most weight.  In  all  cases,  we  assume  that  perfectly  air-dried 
wood  is  charred.  A  great  difierence  is  found  in  the  quantity  of 
coal,  when  charred  slowly,  or  rapidly,  as  the  following  table  shows : 

100  parts  of 

Young  oak. 
Old  oak, 
Young  beech. 
Old  beech. 
Young  pine. 
Bye  straw. 


Rapidlr  charred. 

Slowlj  Churad. 

16-39  coal, 

'16  ash. 

25-45  coal, 

•15  ash. 

16-80    " 

•11     " 

25-60    " 

•11    " 

14-50    " 

•37    « 

25-50    " 

•87    « 

13-75    " 

•4    " 

25-75    " 

•4    " 

16-40    " 

•12    " 

25-95    " 

•12    " 

1310    " 

•8    " 

24-80    " 

•8    " 
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We  observe  here,  that  in  all  cases  the  quantity  of  coal  may 
be  uniformly  25  per  cent  of  the  weight  of  the  air-dried  wood ;  in 
the  operation  on  an  extensive  scale,  it  is  generally  20  per  cent 
The  cause  of  this  variation  is  plain«  When  auvdried  wood  is 
eicposed  to  heat,  this  should  be  at  first  so  low  as  merely  to  expel 
all  the  water, — ^that  is,  a  boiling  heat  If  the  temperature  is  higher, 
and  a  part  of  the  wood  or  coal  becomes  red  hot,  while  water  re- 
mains in  other  parts,  the  hot  vapors  are  decomposed  on  the  hot 
coal  and  form  carbonic  acid  and  carburetted  hydrogen ;  and  the 
beat  cannot  be  raised  sufficiently  higb  to  fom  a  strong  coal: 
therefore  that  which  is  wanting  must  be  obtained  by  burning  a 
part  of  the  carbon  which  would  otherwise  remain  in  &e  charcoaL 
The  charring  operation  must  be  so  conducted  as  to  expel  all  the 
hygroscopic  water  at  the  lowest  possible  degree  of  heat  This 
haat  should  not  decompose  the  woody  fibre,  or  exceed  270^. 
When  the  water  is  entirely  expelled,  the  heat  may  be  raised  so 
as  to  liberate  hydrogen,  which  will  combine,  at  first,  with  the  oxy- 
gen of  the  wood,  and  also  afford  heat ;  but,  in  order  to  expel  all 
the  hydrogen,  because  there  is  more  than  can  be  absorbed  by  the 
oxygen  which  is  present,  the  heat  must  be  raised  still  higher,  by 
which  some  of  the  carbon  is  carried  off  with  the  hydrogen.  At 
this  period,  some  fresh  ak  should  be  admitted,  which  will  bum 
the  carburetted  hydrogen  compounds,  and  advance  the  heat  to 
that  high  degree  required  for  the  formation  of  strong  coaL  The 
admission  of  air  must  be,  of  course,  limited  to  the  neutralization 
of  the  hydrogen  compounds,  and  it  must  be  conducted  through- 
out the  mass  of  hot  coal,  or  an  inevitable  loss  of  free  carbon  will 
ensue.  It  is  not  absolutely  necessary  to  introduce  fresh  air  at  any 
stage  of  the  process.  The  mere  application  of  external  heat  is  suffi- 
cient to  produce  good  coal ;  but,  as  this  requires  the  use  of  addi- 
tional fuel,  and  the  combustible  hydrogen  compounds  are  of  no 
actual  value  to  the  metallurgist,  it  is  found  more  profitable  to  use 
the  volatile  combustibles  for  generating  it  This  is  the  simple 
theory  of  charring ;  it  shows  at  once  the  objects  which  the  col- 
Uer  must  keep  in  view.  A  strong  heat,  at  first,  and  a  moist 
hearth,  will  inevitably  cause  a  loss  of  carbon  and  produce  a  soft 
coal,  because  there  will  not  be  sufficient  heat  to  form  hard  coal. 
Coal  made  in  an  iron  retort  must  be  soft  and  expensive,  in  con- 
sequence of  a  deficiency  of  heat  and  the  necessity  of  additional  fiieL 
The  application  of  retorts,  for  the  sake  of  di^illing  wood,  is  inad- 
missible in  our  case,  because  the  additional  expenses  are  not  re- 
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paid  by  the  products  of  the  diBtillatibn,  and  the  coal  is  iiivi^ 
riably  of  an  inferior  quality.  The  metallurgist  *is  therefore  oosk^ 
fined  to  those  operations  in  which  the  volatile  substances  are  tned 
as  fiiel  to  generate  the  necessary  heat 

Charring, — Since  we  are  limited  in  the  production  of  charcoal 
to  that  process  in  which  atmospheric  air  is  required,  it  must  be 
the  object  so  to  direct  the  current  of  air  that  it  shall  first  touch 
the  wood,  and  not  reach  the  hot  coal  until  all  its  oxygen  is  con- 
sumed. If  we  observe  this  rule,  the  process  is  extremelj^inni- 
ple  in  whatever  form  we  may  execute  it.  It  may  be  practically 
impossible  to  arrive  at  perfection;  still,  by  having  this  rule 
before  our  minds,  we  never  can  fail  of  tolerable  success.  The  char- 
ring  of  wood  may  be  divided  into  two  distinct  processes ;  the  one 
which  is  conducted  under  covers  either  movable  or  permanent^ — 
the  other  in  pits  and  ovens.  Both  have  their  advantages  and  dis- 
advantages ;  and  it  is  chiefly  considerations  of  economy  and  ex- 
pediency that  determine  which  of  the  two  shall  be  adopted. 

Charring  under  Movable  Cover, — The  most  simple  form  of  this 
operation  is  in  pits  or  heaps.  We  shall  not  allude  to  any  imper- 
fect methods  used  elsewhere,  and  therefore  confine  our  remarks 
to  those  in  use  here,  and  those  which  possibly  may  be  employed 
to  advantage.  The  first  thing  to  be  done  for  charring  in  a  pit^ 
is  to  select  a  spot  nearly  or  quite  level,  nearest  to  the  stores  of  cord 
wood,  that  the  transportation  of  it  may  be  low,  and  the  wagons  for 
the  hauling  of  coal  may  easily  approach.  Above  all  things,  the 
place  where  the  hearth  is  to  be,  must  be  dry,  and  free  fix)m  rock. 
When  no  level  spot  can  be  found  convenient,  one  fix)m  40  to  60 
feet  in  diameter,  is  made  on  a  hill-side.  All  stones  and  gravel 
must  be  removed,  and  the  ground  must  be  dry  and  fine,  not  sandy 
or  loamy ;  a  soil  somewhat  gritty  is  the  best  in  which  to  locale 
a  hearth.  When  stones  or  gravel  cannot  be  avoided  in  sdedang 
a  spot,  the  ground  must  be  dug  up  for  one  or  two  feet,  and  rid- 
dled to  remove  all  coarse  matter.  If  the  gi'ound  is  too  rocky 
or  damp,  a  layer  of  brushwood  one  or  two  feet  in  depth  is 
spread  over  it,  and  upon  this  a  layer  of  soil  of  one  foot  in  thick- 
ness is  thrown,  which  forms  the  hearth.  If  the  ground  is  too 
sandy,  it  may  be  mixed  with  dry  loam  sufficient  to  make  it 
slightly  adhesive. 

Pure  sand  would  be  in  fact  the  best  material  for  a  cover,  but  it 
is  liable  to  leak  in  between  the  wood  and  coal,  and  make  it  difficult 
to  keep  the  pit  close.    The  best  cover  is  formed  fix)m  the  earth 
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where  one  or  two  brandB  have  been  made,  and  the  dust  is  black- 
ened and  mixed  Ut  a  certain  extent  with  fine  charcoal.  Around 
the  »arcumference  of  the  hearth  the  wood  ia  first  piled  bo  as  to 
form  a  circular  wall,  as  represented  in  fig.  154.    All  the  wood  re- 


qillred  for  one  brand  ia  hauled  at  once  to  the  hearth ;  this  may 
be  25  or  50  cords.  One  side  of  this  wail  is  open  for  the  entrance 
of  wagons  or  sleds,  and  the  interior  free  to  admit  of  turning  a 
wagon.  The  lightest  kind  of  wood  ia  first  hauled  to  the  pit,  to 
be  need  at  the  last  for  covering  the  heap.     The  heavy  billet^  or 


thoee  split  of  heavy  timber,  are  afterwards  hauled  and  fonn 
the  interior  of  the  pit  When  all  the  wood  requisite  for  one 
brand  is  hauled,  the  collier  erects  in  the  centre  of  the  hearth, 
which  may  be  made  slightly  convex,  three  saphng  posts,  four 
inches  in  thickness,  and  of  the  height  which  the  heap  is  to  be;  this 
is  generally  from  12  to  15  feet,  most  commonly  12  feet  These 
posts,  as  shown  in  fig.  155,  are  about  one  foot  apart,  and  are  held 
in  their  position  by  short  braces  bound  together  with  switches. 
At  the  bottom,  between  these  posts,  which  form  a  kind  of  chim- 
ney, some  dry  inflammable  substance  is  deposited,  such  as  brands 
from-  former  fires,  dry  chips,  or  charcoal ;  in  fact,  this  chimney 
may  be  filled  at  least  half  its  height  or  nearly  to  the  top  with 
23 
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such  substances.  Around  this  centre  the  billets  ni  «oo4  „^i« 
erected — the  heaviest  first,  with  the  buts  lowenoost — 80  as  to 
form  a  gradual  slope  towards  the  cireomferenoe. 

One  of  the  most  important  objects  in  settdng  a  pdt  is  to  bare 
as  few  and  as  smaU  spaces  as  possible,  and  when  these  exist, 
to  fill  them  with  small  branches  and  short  billets  of  wood.  The 
collier  needs  therefore  an  axe,  for  trimming  and  chopping.  The 
wood  is  not  often  so  cleanly  trimmed  by  the  cht^pers  as  to  form 
close  joints.  When  sufficient  coal-dust  is  at  hand,  it  is  an  ex- 
cellent plan  to  fill  the  crevices  between  the  billets  entirely  with 
smitll  coal ;  this  increases  the  yield  considerably,  and  affords  a 
coal  superior  to  that  derived  from  the  open  setting.  A  little  mpre 
liibor  is  thus  caused,  but  it  pays  well  in  the  course  of  time.  In 
all  coses  the  round,  or  bark  side  of  the  billet  is  turned  outwards, 
and  the  split  sides  towards  the  centre.  In  setting  the  second  tier 
of  wood,  particular  attention  must  be  paid  to  the  joints  at  the  ^ds 
of  the  billets,  because  there  it  is  most  difficult  to  prevent  spaces. 
In  case  three  tiers  of  wood  are  set,  the  upper  one  is  more  indinecl 
than  the  lower,  so  as  to  secure  the  adhesion  of  the  dust.  When,  in 
thb  manner,  all  the  wot)d  is  properly  distributed,  and  a  round  heap 
is  formed,  all  the  exterior  spaces  are  nicely  filled,  and  thatched 
with  chips,  small  branches,  small  wood,  brands  or  charcoal.  The 
whole  is  then  covered  by  a  layer  of  damp  leaves,  which  are  gath- 
ered from  the  ground  near  the  pit.  These  leaves,  which  serve  to 
prevent  the  dropping  in  of  dust,  or  earthy  cover,  are  now  covered 


by  dust  A  small  circle  on  the  top  is  left  uncovered  for  ths  sake 
of  preventing  the  dropping  of  dust  into  the  centre.  The  pit  as- 
sumes by  this  time  the  form  represented  in  fig.  166.    At  &Tei 
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only  a  slight  layer  of  dust  is  put  on,  merely  to  cover  and  hold  the 
leaves  down,  so' that  a  gust  of  wind  may  not  blow  them  oft 
Fire  is  now  applied  by  dropping  some  burning  coals  firom  the 
top  into  the  centre,  thus  kindling  the  combustibles  at  the  very 
bottom  and  centre  of  the  heap.  The  firing  should  be  done  in 
the  morning,  and  when  neither  wind  nor  storm  is  apprehended. 
In  order  not  to  disturb  the  covering  of  the  heap,  steps  are  made 
of' a  six  inch  sapling,  or  a  slab,  on  which  to  ascend  to  the  top. 
The  fire,  thus  applied,  must  be  carefully  watched  that  it  may  con- 
tinue to  bum  slowly :  it  is  nourished  by  air  drawn  in  throu^ 
several  places  which  are  left  uncovered  at  the  bottom  of  the  heap. 
■  When  the  fire  within  is  well  established,  which  usually  takes 
some  five  or  six  hours,  the  centre  is  entirely  filled  with  brands ; 
but  no  cover  is  yet  put  on  the  top ;  some  leaves  only  are  thrown 
over  to  prevent  a  strong  draught  The  collier  proceeds  now  to 
setiare  the  earth  all  around  by  adding  still  more ;  so  that  within 
the  first  twenty-four  hours  the  heap  is  entirely  covered  with 
the  dust  from  two  to  three  inches  in  thickness.  The  pit 
now  lias  assumed  the  form  represented  in  fig.  167.     In  the  Cen- 


tral part  of  the  top  the  cover  is  thin,  so  that  smoke,  or,  in  fiict, 
only  steam  and  hot  invidble  gases,  may  e9C^>e.  When  the  heap 
is  steep,  so  that  the  cover  will  not  adhere  wedl,  some  billets  of 
wood  are  set  aronnd  it.  At  the  bottom  are  still  some  small  air- 
holes, which  are  not  closed  until  the  pit  begins  to  sink  or  settle 
at  the  t(^.  When  the  operation  is  well  oondutited,  the  top  settles 
after  sixty  hours'  firing ;  if  it .  settles  sooner,  there  is  something 
wrong.  While  the  setthng  is  going  on,  the  earth  becomes  moist,  and 
"  is  easily  flattened  down  by  a  shovel;  but  this  must  be  done  with 
Caution.  If  the  cover  is  too  close,  as  it  is  particularly  liable  to 
become,  when  it  consists  of  green  dust,  it  ia  in  danger  of  being 
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partiallj  blown  off  by  explosions  within.  During  the -first  two 
days  it  is  therefore  not  advisable  to  have  the  cover  too  close,  or 
too  heavy.  The  proper  covering  can  be  determined  only  by  €tr 
perience,  for  it  depends  much  on  the  kind  of  earth  of  which  it  is 
made.  On  the  other  hand,  a  thin  cover  requires  always  roatti  at- 
tention than  a  heavy  one ;  and  it  is  particularly  unsafe  in  squally 
weather,  and  under  the  care  of  inexperienced  persons.  Most  of 
these  difl&culties  may  be  avoided  by  making  a  heavy  cover  at  the 
start,  with  a  firee  vent  at  the  top,  and  means  for  a  liberal  access 
of  fresh  air  at  the  foot  of  the  heap.  An  active  circulation  of  air 
will  prevent  all  those  accidents,  which  often  cause  a  considerable 
loss  of  wood. 

When  the  top  begins  to  settle,  some  dust  is  thrown  into  the 
centre  of  it,  so  as  to  draw  the  fire  more  to  the  exterior;  and 
as  it  continues  to  settle,  dust  is  thrown  on  for  at  least  two 
days  longer  to  prevent  a  strong  heat.  During  this  period  the 
greatest  caution  and  watchAilness  day  and  night  must  be  exer- 
cised, particularly  in  stormy  seasons,  and  with  green  or  sandy 
earth  for  a  cover.  It  will  happen,  in  spite  of  all  attention,  that 
a  pit  settles  irregularly,  although  it  ought  to  settle  uniformly  from 
the  centre  towards  the  periphery.  When  the  former  occurs,  it  is 
regulated  by  increasing  the  covering  at  the  low  places  and  by  di- 
minishing it  at  the  high  spots,  so  as  to  draw  the  fire  towards 
them.  Should  it  happen,  either  in  consequence  of  a  new  hearth, 
or  from  inattention,  that  a  part  of  the  pit  bums  hollow  and 
threatens  to  sink  suddenly,  that  portion  must  be  opened  quickly 
by  removing  the  cover,  and  filled  with  charcoal,  brands,  or  even 
charcoal  dust  if  nothing  else  is  at  hand.  Some  colliers  are  in  the 
habit  of  filling  such  places  with  fresh  wood ;  this  is  useless,  for 
such  wood  does  not  make  coal, — at  least  not  good  coal ; — and  it  is 
the  cause  of  wasting  that  already  formed — in  fact,  it  injures  the 
whole  pit.  It  happens  frequently  that  the  centre  bums  down  too 
deep,  before  the  wood  sinks ;  it  is  then  also  filled  with  coal,  and 
kept  full,  until  it  sinks  regularly  and  altogether,  after  which  it  is 
covered  by  dust. 

In  fair  weather  and  under  good  management,  the  aspects  of 
the  pit  change  about  the  third  day.  The  smoke  then  begins  to  be 
dry,  and  no  cloud  of  vapors  hovers  over  the  apex,  and  the  gaaes 
b^^  to  smell  of  the  products  of  the  distillation.  The  pit  may 
be  now  covered  all  over,  and  no  air-hole  left  open.  When  the 
cover  has  been  tpo  thin,  it  is  increased ;  all  cracks  and  crevioee 
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are  eueMly  stopped,  and  the  pit  driven  on  very  alovly  without 
vents  to  tu^e  the  fire.  If  all  these  things  have  been  well  don^ 
the  settling  of  the  pit  is  uniform ;  it  b^ins  in  the  middle,  and 
extends  gradually  towarda  the  circumference.  A  pit  assumee  at 
this  period  the  form  shown  in  fig.  158,  which  is  a  section  of  one ; 
tbe  4oal  fonos  an  inverted  cone,  and  the  fire  draws  &om  the  cen- 
tre gradually  towards  the  edge  of  the  heap.    The  smoke,  or  hot 


gasea,  escape  always  at  the  highest  part,  or  at  thoK  places  where 
the  fire  exists ;  fix>m  the  other  parts  of  the  sur&ce,  which  ought 
to  be  dead,  none  should  issue.  We  observe  here  that  the  success- 
ful bunung  of  the  pit  ia  infiaenced  by  the  direction  of  the  billets ; 
for  the  fi-esh  air  which  is  drawn  in  at  the  foot  will  naturally  fol- 
low this  direction  or  pass  through  the  spaces  between  the  billets. 
When  they  are  properly  set,  thei;e  is  also  the  advantage  of  mak- 
ing ^e  stroageat  aod  most  coal.  As  remarked  before,  the  leading 
object  in  chamog  wood  must  be  to  conduct  the  fresh  air  over  the 
w<ood,  and  not  over  the  hot  coaL  If  we  kindle  one  end  of  a  bon- 
(Ue  of  sticks,  and  hold  it  so  as  to  turn  the  flame  downward,  as 
shown  in  fig.  159,  we  do  not  obtain  any  coal ;  after  the  volatile 


substances  are  expelled  the  hot  charred  wood  is  rapidly  consumed, 
and  ashes  only  remain.  Thus  the  hot  gases  generated  in  the 
burning  coal  pass  through  the  wood,  dry  it  too  fast,  and  convert 
it  into  sniall  disconnected  fibres,  as  if  crushed  by  a  hammer ;  such 
wood  of  course  cannot  form  any  other  than  small  coal,  and  very  lit- 
tle of  that.  If  we  turn  the  flame  of  the  ^got  of  wood  upwards,  as 
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shown  in  fig.  160,  the  result  is  quite  different ;  for  the  tar,  in^Mtas- 
iBg  through  the  E^aces  between  the  sticks,  will  ahsoib  the  lAcAst''^ ' 
ure  gradually  and  dry  the  wood  slowly ;  on  arriving  at  the  flatt^  ' 
it  will  find  sufficient  carbureted  hydrt^n  to  combine  with,'KJid- 
conaequently  will  not  absorb  much  carbon  provided  no  excett'df ' 
air  is  admitted,  so  as  to  iumish  free  oxygen.  This  mode  will,  htlrir-- 
ever,  not  fiimish  the  latgest  qnantity  of  coal ;  for,  if  the  coal  iibaVii  • 
the  flame  is  still  red-hot,  which  of  course  cannot  be  prevented,  the' ' 
carbonic  add  formed  in  contact  with  the  volatile  substances  will'- 
absorb  more  carbon  and  form  carbonic  oxide,  which  is  Koog' 
uized  by  the  blue  color,  at  the  extreme  end  of  the  flame.  ^nA 
blue  flame  is  oAen  observed  at  pits  when  the  cover  is  too  I^ht,  taH 
when  there  ia  too  much  heat  in  the  coal ;  it  invariably  causes  great 
loss,  however  good  the  coal  may  be.  A  strong  cover,  to  keep  the 
fire  down,  is  the  only  means  of  preventing  these  occurrences. 

The  perfectly  vertical  position  of  the  billete,  with  the  fire  at 
the  top,  is  therefore  the  most  perfect  manner  of  setting  a  jril, 
provided  the  access  of  air  can  be  so  regulated  that  only  a  suffix  - 
cient  quantity  is  uniformly  drawn  in.  We  see  now  the  neceasiij^ ' 
of  a  uniform  and  close  floor  for  the  hearth,  and  a  uniform  am 
close  cover,  so  that  no  accidental  vents  may  disturb  the  worit-  - 
These  particulars  cannot  often  be  observed  in  practice.  To  Mrirej 
however,  as  near  to  perfection  as  possible,  the  billets  are  set  'in- 
clined. In  all  cases,  whether  the  billets  are  vertical,  inclined,  or 
horizontal,  the  progress  of  charring  ought  to  be  conducted  as  re- 
presented in  fig.  161.  For  if,  instead  of  an  inverted  cone,  the 
coal  assumes  the  form  of  a  cylinder,  or,  what  is  worse  still,  that  of  a 
right  cone,  the  flame  will  pass  through  the  wood  instead  of  through 
a  part  of  the  coal,  and  cause  small  and  brittle  coal.     When  the 
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lullets  are  vertical,  and  the  fire  descends,  the  strongest  coal  is 
formed ;  and  when  the  fire  ascends,  the  weakest  coal.  An  inclina- 
tioD,  such  as  has  been  described,  forms  a  coal  between  the  two. 
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Duting  fiiur  dftja,  in  good  seasona,  and  in  Btormj  weather 
&om  ax  to  eight,  a  pit  must  be  cloaely  watched ;  after  that  time, 
the  fire  is  well  q*read  is  the  interior,  and,  as  little  air  ia  required, 
all  the  air-holes  around  the  baaeare  well  stopped ;  some  rent-holes 
taa^  be  put  below  the  natural  vent^  as  shown  in  fig.  158,  to  accel- 
erate the  work ;  for  all  the  wood  is  now  well  dried,  and  the  char- 
ring ma;  be  pushed  to  con^letion  as  soon  as  possible.  Id  four 
days  more,  all  the  wood  will  be  chaired;  thus  a  pit  may  be 
bnraed  in  one  week  or  ten  days,  unless  in  stormy  or  wet  sea- 
sons, when  it  will  require  between  ten  days  and  three  weeks. 
When  the  fire  is  drawn  to  the  drcomfetence,  the  hei^  is  closely 
covered  aod  left  to  cool  slowly. 

After  the  further  liq)se  of  twenty-four  hours,  the  drawing  of  the 
coal  ia  begun ;  and  it  should  be  at  once  hauled  and  put  under  the 
ooTer  of  the  storehouses.  The  drawing  proceeds  slowly.  FromSOO 
to  800  bushels  are  taken  during  the  first  day  &om  a  f^esh  pit ;  this 
may  be  .gradually  increased  so  that  a  pit  of  2000  or  2500  bushels 
will  be  drawn  in  a  week.  This  operation  is  oonmienced  at 
the  circumference ;  a  Uttle  dust  is  removed  irom  a  place,  and 
about  one  bushel  taken  by  means  of  a  woodeo  rake ;  the  earth  ia 
then  carefully  replaced  to  prevent  the  access  of  air  to  the  interior 
of  the  pit,  and  another  place  is  opened.  A  careleaa  or  too  rapid 
drawing  may  set  the  pit  on  fire  again,  and  cause  a  great  loss  of 
coaL  When  the  process  of  charring  has  been  well  performed, 
the  pit  has  the  aj^iearance  represented  in  fig.  162.  It  shows  a 
gently  rounded  mound  of  about  half  the  height  of  the  caiginal 


pit,  although  it  is  somewhat  hi^er  when  hard  wood  has  been 
ehured.  An  irregular,  waving  surtace  shows  either  bad  work, 
or  a  bad  hearth.  The  coal  drawn  is  deposited  in  detached  small 
piles,  so  that  if  one  kindles — which  frequently  happens — the  others 
may  not  be  ignited.  These  detached  heaps  are  covered  by  cold  or 
damp  dust,  to  prevent  the  access  of  air;  the  object  being  merely 
to  cool  the  coal,  not  to  wet  it     Hot  dry  coal,  when  free  &om  fire, 
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absorbs  air  so  readily  that  it  kindles  spontaneonslj;  dold-ooal 
absorbs  it  also,  but  not  so  fast  as  to  cause  ignition.  When  the 
coal  has  been  drawn  and  exposed  to  cooling  for  a  couple  oChonrSy 
it  is  assorted ;  brands,  or  pieces  of  wood  partly  chaired,  are  iiiot 
at  once  loaded,  because  they  are  the  most  liable  to  spontaneens 
combustion.  They  are  retained  for  some  days,  and  then  sent  to 
the  smelt-works;  or,  if  they  are  not  used  in  the  furnaces,  they  are 
retained  by  the  colliers,  and  charred  at  the  next  burning,  by  faeuig 
placed  in  the  spaces  between  the  billets.  The  best  coals  are  goBoe- 
rally  found  about  one  foot  high  from  the  floor,  and  at  an  equal 
distance  from  the  roof;  in  the  centre  the  coal  is  weak.  This 
shows  that  large  pits  are  more  favorable  for  the  production  4)f 
good  coal  than  small  ones,  and  that  the  fire  in  the  centre  should 
work  as  slowly  as  possible ;  for  it  is  the  rapid  charring  which  in- 
jures the  coal  in  the  middle  of  the  pit.  Most  of  the  brands  are 
generally  found  near  the  floor,  and  amount  to  one-twelfth  of  the 
coal  in  large,  and  to  one-sixth  in  small  pits,  where  the  work  has 
been  good.  A  larger  amoimt  of  brands  shows  bad  work.  Xhe 
coal  should  be  assorted  at  the  pit  into  coarse  or  furnace  coal,  snail 
or  forge  coal,  and  brands,  and  the  collier  paid  according  to  .these 
qualities — ^receiving  a  higher  price  for  furnace  coal,  a  lower  for 
small  coal,  and  the  lowest  for  brands.  Very  small  coal,  such  as 
cannot  be  used  in  the  forge,  is  retained  by  the  collier ;  with  it 
he  forms  the  floor  and  fills  and  covers  other  pits. 

The  quantity  of  coal  thus  obtained,  from  a  cord  of  wood,  varies 
from  twenty-five  to  forty-five  bushels.  If  the  wood  is  cut  and 
corded  during  the  winter,  and  charred  in  summer,  a  skilful  collier 
will  obtain,  on  an  average,  forty  bushels  of  good  coal  from  a  cord. 
The  amount  of  this  yield  is  modified  by  various  circumstances. 
If  the  wood  is  badly  chopped,  or  ill-trimmed  and  short,  or  the  mea- 
sure too  small,  it  will  not  yield  well.  Green  wood  yields  badly,  and 
causes  weak  coal.  Coal  charred  in  winter  or  stormy  weather  is 
always  poor,  and  the  quantity  is  small.  Green  dust,  or  that  which 
cakes,  also  causes  weak  and  little  coal ;  light  and  porous  dust  will 
often  be  the  cause  of  good  coal,  although  little  of  it.  The  :b€st 
dust  is  that  which  has  been  used  for  a  few  brands,  and  is  well 
mixed  with  small  coal.  A  heat  which  is  too  strong  at  the  start 
causes  weak  and  small  coal ;  and,  if  continued  throughout  the 
operation,  always  results  in  little,  and  often  bad  coal.  Yoirng 
wood  makes  a  stronger  coal  and  more  of  it  than  old  wood,  pro- 
vided proper  care  is  taken  in  charring.     Careless  workmen  mv9^ 
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liaUy  make  little  ooal,  and  if  inexperienced  also,  they  make  weak 
ooaL 

It  may  be  more  conyenient  to  piuchase  coal  by  measare  than 
by  weight,  but  this  oertainly  is  not  tiie  most  correct  method,  neither 
is  it  the  best  for  either  seller  or  buyer.  Hard^  strong  coal  is,  in 
all  smelting  operations,  of  greater  value  than  soft  coal,  and  in 
consequence  of  buying  coal  by  the  measure,  we  tempt  colliers  to 
make  soft  coal  and  much  of  it ;  on  the  other  hand,  as  there  is  but 
little  difference  in  weight,  whether  strong  or  weak  coal  is  made, 
it  is  certainly  more  advantageous  to  the  smelter  that  it  should  be 
strong  coal.  In  all  cases  of  charring,  no  matter  in  what  form, 
or  by  what  mean&i,  a  well  conducted  operation  will  furnish  from 
20  pounds  to  23  pounds  of  charcoal  irom  100  pounds  of  seasoned 
wood.  The  coal  may  be  weak  or  strong,  not  more  nor  less,  how- 
ever, ought  to  be  produced.  Slow  charring  and  low  heat,  will 
produce  the  highest  number,  but  it  will  be  weak  coal ;  a  lively 
heat  well  conducted,  will  furnish  the  lowest,  but  make  a  strong 
ooal.  This  determines  which  mode  of  charring  is  the  most  pro- 
fitable to  the  smelter.  With  a  well  conducted  operation  in  a 
pit^  like  the  one  above  described,  containing  at  least  60  cords  of 
wood,  the  yield  ought  to  be  in  the  proportion  shown  in  the  fol- 
lowing table,  for  air-dried  wood : 


Kind  of  wood. 

Tidd  by  weighu 

Tield  lif  iDMran. 

Oak, 

23  per  cent. 

74  per  cent- 

Beech, 

22      " 

73      " 

Pine, 

25      " 

63      " 

A  cord  of  128  cubic  feet  of  oak  bughf  to  furnish  64  bushels 
of  2,600  cubic  inches  each.  Pine  wood  must  yield  64  bushels  of 
the  same  size.  This  measure  is  actually  reached  by  good  colliers, 
although  not  by  the  average  of  workmen.  The  best  means  of 
obtaining  a  large  yield  and  good  coal,  is  by  using  large  pits ; 
there  is  little  difficulty  in  making  60  bushels  of  coal  in  a  pit  con- 
taining 200  cords  of  pine  wood,  or  if  it  contains  hard  wood,  60 
bushels ;  and  the  coal  may  be  equally  as  strong  as  the  yield  is 
good. 

We  have  been  thus  particular  with  this  mode  of  charring,  be- 
cause it  is  the  one  most  generally  used  in  this  country,  and  per- 
haps the  best ;  still  there  are  some  modifications,  which  may  tend 
to  cheapen  the  process  in  particular  cases ;  if  these  arc  pointed 
out,  any  one  can  judge  readily  how  far  they  are  advantageous. 
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A  method  of  charring  generally  followed  in  Norway,  ianpt^.-. 
flented  in  fig.  168.     The  centre  polea  are  here  erected  as  befi»e 
mentioned,  but  the  vood  around  them  is  laid  flat  and  covered 
outside  by  slabs,  to  obtain  the  slope.     This  method  can  be  adopted  ■- 
only  near  saw-millB,  because  it  is  only  there,  that  slabs  can  be  ob- 


tained. The  covering  may  be  mode,  equally  as  well,  with  billet«; 
but  then  this  affords  no  oUier  advantage  than  the  saving  of  a  lit- 
tle labor  in  setting  the  wood.  Wood  laid  horizontally  never 
does,  nor  can,  affonl  as  strong  coal  as  when  placed  upright ;  and 
where  strong  coal  is  required  for  blast  iurnacea,  this  mode  <£ 
charring  will  not  Aimish  the  best  For  forges  and  similar  op9a> 
tions,  where  weak  coal  is  equally  as  good,  and  preferable  to  hard 
coal,  this  mode  of  charring  affords  some  advantages. 

Another  method  which  b  practised  to  some  extent  io  south- 
ern Europe,  is  represented  in  fig.  164.     A  heap,  conusting  of 


about  60  cords  of  wood,  is  erected  in  a  form  similar  to  thai  de- 
scribed in  fig.  155 ;  but  the  wood  is  laid  almost  horizontal,  or 
inclined  gently  towards  the  periphery  of  the  heap.  The  wood 
used  in  this  instance,  is  in  the  form  of  round  sticks,  from  seven  to 
eight  feet  long,  and  as  heavy  as  two  men  can  carry.  It  is  deposit- 
ed around  the  chimney.  The  heap  is  well  dressed  with  a  layer  of 
leaves  or  small  coal,  and  then  a  heavy  cover  of  very  light  dust, 
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oonaurtihg  chiefly  of  coal  dust,  is  thrown  over  it  at  once.  This 
coVer  is  two  feet  thick  at  the  base,  and  gradually  diminishes  to 
si±  inches  near  the  top ;  it  is  held  by  props  and  slabs  around  the 
heap,  to  prevent  its  sliding  down.  The  chimney,  for  two-thirds 
of  its  height,  is  filled  with  dry,  inflammable  chips,  or  brands,  and, 
upon  this,  burning  coal  is  deposited,  to  kindle  it  and  produce  a 
lively  fire.  The  diflFerenoe  between  this  method  and  the  common 
one  is,  that  here  no  firesh  air  gains  access,  excepting  that  which 
is  derived  from  the  ground  and  through  the  heavy  covering. 
The  fire  in  the  centre  is  fed  by  charcoal  as  it  bums  down,  and 
the  chimney  is  constantly  kept  fulL  For  this  reason  the  chim- 
ney is  wider  than  in  other  cases, — ^being  at  the  top  three  feet 
in  diameter,  and  at  the  base  two  feet.  The  burning  coal  is 
generally  heaped  upon  the  chimney,  so  as  to  form  a  cone  at  the 
top.  As  the  heat  for  drjring  the  wood  is  altogether  derived 
fix>tn  the  burning  charcoal  in  its  centre,  it  is  from  three  to 
four,  and  often  five  days,  before  the  watery  vapors  disappear.' 
This  is  the  time  for  explosions,  and  the  cover  on  the  top  is  there- 
fcfite  somewhat  removed,  to  allow  a  free  vent  for  the  rapidly  gen- 
ermting  and  explosive  gases,  which  require  about  twenty-four  hours 
id  escape.  When  this  danger  is  passed,  the  top  is  covered  again  by 
a  heavy  layer  of  dust,  twelve  or  fifteen  inches  thick,  and  a  series  of 
veAtrholos  are  opened,  by  means  of  a  shovel  handle  or  a  pointed 
p6le.  The  first  series  of  vents  is  near  the  top,  and  when  a  blue 
smoke  is  visible  from  them,  they  are  stopped  up  and  the  dust 
beaten  down,  so  as  to  prevent  any  farther  escape  of  gas.  Another 
series  is  now  opened  about  a  foot  below  the  first,  and  when 
blue  smoke  issues  from  these,  they  are  stopped,  and  a  row  still 
lower  down  opened.  In  this  manner  we  proceed,  until  we  arrive 
at  the  foot  of  the  heap.  This  mode  of  charring  is  rather  slow ; 
a  heap  requires  from  four  to  five  weeks,  and,  in  bad  seasons,  even 
a  longer  time,  before  all  the  wood  is  charred ;  but  little  labor  and 
attention  is  needed  when  the  fire  is  once  started;  the  pit  is  not 
affected  by  storms,  and  furnishes  good  coal  and  a  great  deal  of 
it  Inexperienced  hands  make  better  coal  in  this  way  than  by 
ally  other  mode. 

The  other  methods  of  charring,  such  as  in  moimds,  or  in  square, 
or  oblong  heaps,  wherein  wood  is  laid,  or  piled  to  a  limited 
height,  afford  no  advantages  over  those  which  have  been  de- 
scribed above,  either  in  the  quantity  or  quality  of  coal,  which  is 
generally  of  an  inferior  kind,  or  in  the  saving  of  labor.    Time 


8M 


KETALLUBaT. 


may  be  saved ;  but  if  this  is  to  be  accomplished  on  aoooont  c£ 
wood,  it  may  be  quite  as  well  done  in  a  small  round  pit.  For> 
these  reasons  we  omit  to  speak  of  the  other  methods  of  chaznog 
under  a  movable  cover.  In  all  cases,  whatever  the  fonn  of  the 
heap  may  be,  the  rule  is,  to  form  as  little  sur&ce  of  it  as  poenble. 
The  form  of  a  globe  would  be  the  most  perfect  for  a  charring 
heap,  if  it  could  be  adopted,  but  as  that  cannot  be  done,  the  half 
globe  is  preferable  to  all  others.  There  is  one  circumstance  not 
&vorable  to  large  heaps  or  round  pits — it  is  the  necessity  of  stoiing 
coal  extensiTely,  because  the  charring  can  be  performed  onl;f 
during  the  dry  and  pleasant  seasons  of  the  year. 

(Starring  in  Ovens. — In  order  to  avoid  keeping  laige  sbnes  of 
cbaiooal,  and  to  obtain  it  dry  and  iresh, — ^to  save  labor  in  par- 
tionlar  cases, — and  to  be  less  subject  to  the  faults  of  inferior  woik- 
meo,  the  charring  in  ovens  or  kilns  is  resorted  to.  Generally 
speaking,  the  advantages  of  ovens  over  pits,  are  not  so  great  as  is 
<^n  supposed ;  and,  as  a  rule,  we  may  assert  that  all  eharooal 
made  under  an  immovable  cover  is  not  so  strong  as  that  made 
under  a  movable  one.  The  only  real  advantage  of  the  oven  arises 
&om  its  being  leas  subject  to  the  changes  of  the  atmosphere,  than, 
the  pit.  The  best  form  of  a  cliar-oven,  and  that  which  iff  most 
generally  in  use  in  this  country,  is  represented  in  fig.  165.  It 
is  a  long  prismatic  oven,  the  floor  and  rough  walls  of  which  are 
of  common  rod  brick,  the  interior  of  the  side  walls  and  the  arched 


roof.are  lined  with  fire-brick.  Such  an  oven  40  feet  long,  16  feet 
wide,  and  15  feet  high,  in  the  clear,  will  contain  about  60  cords  of 
wood.  In  fig.  166,  a  vertical  section  uf  this  oven  is  shown.  The 
binding  of  the  kiln,  which  is  here  represented  to  be  of  wood,  is 
seen  more  distinctly  than  in  the  engraving  above.  The  roof  is  a 
necessary  appendage ;  it  protects  the  walls  n^inst  moisture,  which 
is  particularly  hurtful  to  the  arch,  and  consequently  to  thecool. 
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The  floor  is  well  paved  with  hard  common  brioks,  set  edgeways, 
below  these  another  layer  of  bricks  or  stonea  ia  laid  upon  a  plaiik 
floor,  which  rests  upon  the  cross  timbers  or  binders.  The  mode  of 
binding  requires  no  further  explanation ;  it  may  be  added,  how- 
ever, that  it  is  necessary  to  use  young 
and  sound  limber  for  this  purpose.  The 
bricks  are  laid  in  fire-clay  mortar,  in 
preference  to  lime  mortar,  because  the 
latter  is  soon  destroyed  by  the  acetic  ■ 
acid,  which  is  liberated  by  the  wood. 
This  clay  mortar  ought  not  to  be  too 
iat,  and  it  is  advisable  to  use  a  little  salt 
in  it ;  this  causes  it  to  dry  harder,  and 
iHod  stronger.  In  laying  the  bricks, 
particular  care  must  be  taken  to  fill  the  < 
joints  perfectly  with  mortar,  that  no 
leakage  may  take  place  through  the 
walls,  which  for  better  security  may  be  painted  on  the  outside 
with  a  mixture  of  coal  tar  and  clay.  This  forma  an  extremely 
hard  and  strong  cover,  which  is  not  at  all  liable  to  break.  The 
clay  is  dissolved  in  water,  and  put  first  over  the  brick  waJl,  like 
a  wash,  then  the  tar  is  painted  on  before  it  has  become  perfectly 
diy. 

In  order  to  secure  strength  and  close  joints,  the  walls  must  be  at 
least  11  inches  thick,  consisting  of  a  lining  of  fire-brick  5  inches  in 
width,  and  red  brick  9  inches.  Both  the  lining  and  rough  wall 
must  be  well  bound  together  by  occasional  binders,  which  unite  the 
red  and  the  fire-brick.  The  arch  may  be  of  5  inch  fire-brick ;  but 
as  the  span  ia  wide,  there  is  no  harm  done  in  making  a  10  inch 
roof.  Many  kilns  are  built  of  red  bricks  only ;  to  this  there  is  no 
objection ;  they  answer  equally  as  well  as  if  lined  with  fire-brick ; 
but  then,  in  such  case,  the  common  bricks  ought  to  be  made  of  a 
kind  of  loam  which  will  stand  fire  well  If  this  loam  contains 
too  much  iron  and  lime,  the  bricks  of  the  roof  will  soon  shrink 
and  drop.  It  is,  therefore,  necessary  to  test  the  red  bricks  in  a 
strong  fire  before  a  kiln  ia  built  of  them,  at  least  those  used  for 
the  lining  and  roof;  if  they  resist  a  high  red  heat  without  melting, 
they  may  be  considered  good  for  this  purpose.  When  a  little 
more  expense  is  no  consideration,  it  ia  a  good  plan  to  increase  the 
strength  of  the  aide  walls  by  bracing  them  with  pillars,  as  shown 
in  fig.  167,  which  is  the  plan  of  a  kiln.    At  each  end  there  is  an 
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iron  door  of  siz  feet  in  width  and  eight  fbet  in  height,  so  dttt  a 
railroad  car  may  be  run  into  the  oven,  loaded  with  vood,  or  to 
take  off  the  coal.    All  the  kilna  in  use  resemble  the  above  more 


or  less ;  iu  some  cases  the  roof  is  less  steep,  to  gain  room ;  in 
others  the  binders  are  made  of  cast-iron  uprights,  and  wrooght- 
iron  cross-binders.  In  some,  the  gases  are  drawn  off  by  a  s^es 
of  vents  in  the  top  of  the  roof;  in  others,  by  vents  at  both  ends ;  in 
which  case  the  vent  holes  are  provided  with  iron  doors,  as  shown 
in  fig.  165.  In  all  cases  a  seriea  of  draft  holes  is  provided  all 
around  the  foot  of  the  kiln ;  aad  by  stopping  one  and  opening 
another,  the  access  of  air,  and  consequently  the  fire,  is  regolalra. 
These  apertures  are  of  the  size  of  a  brick,  ten  inches  by  two  a£id 
a  half  in  height,  so  that  a  brick  may  fill  one. 

The  operation  of  charring  is  extremely  simple  in  these  kUns. 
The  wood  is  laid  flat  on  the  floor  and  piled  up  to  the  root,  as 
shown  in  figs.  168  and  169.     It  may  also  be  set  upright,  but  as 


this  is  more  laborious  it  is  not  generally  done ;  still  there  is  no 
doubt  that  the  coal  b  stronger  from  the  billets  which  are  staaid- 
ing,  than  from  those  which  are  laid  flat.  The  fire  is  applied  in  vari- 
ous ways ;  some  prefer  putting  it  at  the  top,  in  the  middle  of  the 
arch,  and  drawing  it  gently  downwards ;  others  form  a  channel  of 
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bi^uids^  or  of  dry  chips,  or  of  charcoal  through  the  middle  of  the 
floor,  and  apply  £re  at  both  ends ;  and  others  again  apply  fire  at 


^ 

^^^ 

i 

^5^^^^^ 

n 

<~\  ' 

f 

r\ 

^ 

?=- 

•- 

H 

y 

«V>   ''«S 

■■.<. 

'jA 

•^ 

d 

£n 

.'.\ 

n 

the  draught  holes  around  the  foot  of  the  oven.  Of  all  these  plans 
tlie  latter  is  the  most  objectionable,  issc  it  causes .  necessarily  a 
waste  of  wood,  and  makes  weak  eoaL  With  a  channel  through 
the  middle,  firing  at  both  ends  is  better,  but  the  best  plan  is  firing 
on  the  top,  particalarly  in  wide  ovens.  In  all  cases  the  wood  that 
is  charred  oaght  to  be  well  seasoned ;  for  wet  or  green  wood  yields 
20  per  cent  less  coal  than  dry.  Or,  in  case  seasoned  wood  cannot  be 
had,  the  charring  ought  to  be  conducted  with  extreme  slowness ; 
the  fire  should  be  applied  at  the  top,  and  fed  by  coal  or  brands.  A 
liberal  supply  of  fresh  air  should  be  allowed  to  pass  through  the  in- 
terior. Charring  green  or  wet  wood  is,  in  no  case,  profitable ;  and 
in  order  to  obtain  the  best  yield  and  greatest  amount  of  coal,  lie 
wood,  as  it  is  delivered  at  the  yard,  should  be  stored  under  cover 
and  protected  against  rain.  One,  heat  may  be  performed  in  a 
week,  60  that  an  oven  may  be  reckoned  to  produce  firom  1200  to 
1500  bushels  of  coal  in  that  time ;  but  generally  two  and  three 
weeks  arc  occupied  in  charging,  charring  and  discharging  a  kOn. 
It  is  not  difficult  to  conduct  the  charring  in  these  ovens,  when  the 
walls  are  perfectly  air-tight ;  but  if  they  are  not  so,  it  is  rather 
troublesome  and  causes  considerable  loss  of  *ood.  When  the 
watery  vapors  at  the  top  of  the  kiln  or  at  the  vents  cease,  and 
no  smoke  of  any  kind  issues,  but  a  whitish  blue  gas  makes  its 
appearance, — which  is  often  the  case  at  the  third  day  after  fire  is 
applied,  although  more  generally  on  the  fourth  or  fifth  day, — the 
vents  are  stopped  up ;  and  as  the  fire  becomes  visible  at  the  aper- 
t«res  near  the  base,  these  are  also  successively  stopped.  When 
we  are  satisfied  that  the  heat  has  spread  throughout  the  interior, 
all  the  openings  are  well  stopped  by  bricks  and  secured  by  a  layer 
of  fine  sand,  to  prevent  the  access  of  air.     Two  days,  or  at  the 
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moeb  four  days  of  cooling  are  sufficient  to  deaden  the  eool  Ao 
flur  aa  to  ntake  it  ready  for  drawing. 

The  above  described  kilns  are  the  best  for  the  use  of  the  manit 
facturer  of  metals,  and  there  is  no  occasion  to  attempt  to  make 
improvemeots  on  the  principles  involved  in  their  constmctioa ; 
bul^  as  it  may  happen  that,  under  peculiar  oircumstanoea,  a  light 
coal  and  an  advantageous  use  of  the  products  of  distillation  maj 
be  made,  ve  insert  in  fig,  170  a  representation  of  a  char  oveOf 


frequently  used  in  Sweden  for  this  purpose.  It  shows  the  ae* 
tion  of  a  brick  oven  with  a  pointed  arch,  which  is  chained  willi 
wood  in  the  usual  manner.  The  oven  is  from  25  to  SO  feet  in 
width,  17  or  18  feet  high,  and  equally  aa  long ;  the  arch  is  two 
feet  thick,  and  the  side  walls  still  thicker.  Two  openings,  or 
flues,  A  A,  lead  from  a  fire  chamber  or  furnace,  of  which  there 
^    _^^  is  one  on  each  end;  these  fluee 

are  about  15  inches  square. 
Fig.  171  shows  a  vertical  wc- 
tion  in  tlic  opposite  way.  We 
observe  here  that  the  bottom 
is  concave,  ivliile  it  is  convex 
in  fig.  170.  The  cast-iron  pipes, 
B  I^,  lead  the  gnses  from  the 
oven,  by  means  of  a  knee  pipe, 
to  a  barrel  in  which  wood-tar  is 
gathered.  Another  pipe  com- 
municates with  a  system  of 
wooden  or  iron  condensing 
pipes  which  are  conducted  around  the  oven,  and  from  these, 
those  gasea  whfch  do  not  condense  pass  off  by  a  chimney. 
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The  mariBer  in  which  this  apparatus  is  put  in  operation  is  as 
follows :  when  the  oven  is  charged  with  wood,  through  the  doors 
C  C,  these  are  hermetically  closed,  so  that  no  air  can  pass  into 
nor  go  out  of  the  oven  except  by  the  flues  A  A,  and  the  pipes 
B  B.  The  light  wood  has  been  laid  near  the  bottom,  which  is 
well  paved  and  smooth,  and  the  heavy  billets  above.  A  fire  of 
wood  is  now  made  in  both  iiirnaces  A  A ;  and  it  must  be  so  con- 
ducted, that  all  the  oxygen  of  the  air  is  consumed  in  this  fire-place 
although  it  has  no  grate  to  facilitate  that  object.  The  chimney 
causea  a  draught,  and  the  heat  in  passing  from  the  furnaces  through 
the  wood,  converts  it  into  charcoal  without  much  loss  of  coal. 
The  products  of  this  distillation  are  deposited  partly  in  the  tar 
barrels  and  partly  in  the  condensing  apparatus. 

This  oven  makes  a  good  deal  of  coal,  but  it  is  very  weak, 
and  the  extra  fuel  consumed  amounts  to  one  fifth  of  the  wood 
charred  If  therefore,  the  products  of  distillation  do  not  pay 
for  this  extra  fuel  and  the  loss  sustained  m  consequence  of  the 
mfenor  coil  there  is  no  advantage  in  usmg  these  tVirnaces 

When  we  wish  to  obtain  acetic  acid  — tar  cannot  be  of  any 
use — for  the  manu£icture  of  sugar  of  lead,  or  acetate  of  potash 
or  iHBe  the  better  plan  is  to  use  the  oven  represented  in  fig  172, 


with  SQch  alterations  as  will  secure  good  coal  If  a  cast  iron  pipe 
IS  laid  over  the  bottom  of  the  oven,  as  shown  in  fig.  173,  we  may 
succeed  in  making  good  coal  and  secure  the  valuable  parts  of 
the  distillation.  The  manner  of  operation  is,  in  such  cnse,  to 
charge  the  kiln  as  usual,  and  to  make  all  apertures  perfectly  air- 
tight, with  the  exception  of  a  wide  fiuc  which  leads  fixjm  near  the 
bottom  of  the  furnace  to  a  condensing  apparatus,  which  serves 
both  for  distillation  and  the  absorption  of  the  gases,  and  thence 
to  the  chimney.  Thus  the  volatile  substances  only  are  conducted 
to  the  condensing  apparatus,  and  the  tar  sinks  to  the  bottom  of  the 


870  HETALLUSaT. 

furnace  and  aervea  aa  fuel,  after  all  acetic  acid  ia  expelled.  'When 
this  is  accomplished,  the  flue  leading  the  gas  from  the  oven, 
and  which,  b;  the  vaj,  must  be  of  brick,  is  stopped  up,  aiu^  the 


operation  of  charring  conducted  as  usual,  that  is,  bj  opening  die 
apertures  for  the  admission  of  air,  as  well  aa  the  vents.  In  ease 
the  heat  within  should  be  too  high,  so  as  to  endanger  the  cast- 
iron  pipe,  in  which  of  course  no  fire  is  any  longer  needed,  a  cur- 
rent of  cold  air  may  be  admitted  to  pass  through  and  cool  it. 

Cost  of  making  Choi. — On  examining  the  quantity  and  qral- 
ity  of  charcoal  obtained  by  either  method  of  charring,  we  find 
that  local  circumstances  determine  which  it  is  beat  to  adt^t. 
In  the  pit,  or  heap,  we  can  obtain,  with  perfect  regularity,  20  pfer 
cent,  of  coal  from  seasoned  wood ;  the  oven  will  not  make  more 
than  25  per  cent.,  which  yield  may  be  reached  by  having  a  heavy 
cover  and  with  slow  charring  in  the  pit.  So  far  kiln  and  pit  are 
nearly  on  an  equality  aa  to  the  amount  of  the  yield,  at  least  there 
is  not  more  ^an  10  per  cent,  in  favor  of  the  kiln.  The  wages 
paid  for  charring  in  pita,  where  the  wood  ia  delivered,  is  from  1| 
to  2  cents  per  bushel,  and  in  ovens  it  is  about  J  to  1  cent,  for  the 
same  quantity.  If  a  cord  of  wood  makes,  on  an  average,  40  bush- 
els in  the  pit,  and  45  in  the  kiln,  the  amount  of  the  kiln  oanuot 
be  regarded  as  more  than  that  of  the  pit,  although  the  measure 
may  be  more,  because  the  coal  in  the  former  is  lighter  than  in 
the  latter.  The  transport  of  the  coal  from  the  woods  to  the  fur- 
nace yard  causes  a  loss  of  10  per  cent,  which  is  also  in  favor  of 
lUe  kiln.  All  the  advanti^es  of  the  kiln  over  the  pit  amount  to 
20  per  cent.,  from  which,  the  interest  on  the  investment  in  ovens 
is  to  be  deducted.  All  the  other  circumstances  are  equal,  for  the 
wood  must  be  as  well  stored  under  sheds  aa  the  coal,  and  &vn 
is  no  advantage  in  favor  of  either.  If  40  bushels  is  the  capaeify 
of  the  pit,  and  50  bushels  of  the  kiln,  we  gain  from  the  cord  of 
wood  by  using  the  latter,  10  bushels  of  charcoal.     If  the  price  of 
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a  oord  of  wood  is  40  cents,  whicli  may  be  considered  the  lowest^ 
and  wliich  prevails  only  in  the  Western  and  Southern  states ;  one 
bushel  of  charcoal  made  in  the  pit  will  cost  2|  cents  or  say  S  cents^ 
in  the  woods ;  and  in  the  furnace  yard  exclusive  of  hauling,  8| 
cents,  including  loss ;  or,  the  coal  firom  a  cord  of  wood  will  cost 
$1,41  cents.  C!oal  made  fix)m  the  same  kind  of  wood,  in  the  kiln, 
will  cost  90  cents  per  cord  of  wood,  that  is,  the  wood  costs  40 
cents  for  chopping  and. lease,  and  the  charring  60  cents;  here  are 
51  cents  gain  over  the  pit,  per  cord,  of  wood  in  the  furnace  yard ; 
or  near  33  per  cent  in  jEavor  of  the  oven.  When  the  wood  is  in 
the  yard,  the  coal  of  the  pit  will  cost  but  S\  cents  per  bushel,  or 
$1,30  per  cord  of  wood,  which  reduces  somewhat  the  advantages 
of  the  oven.  But  from  this  it  is  evident  that  when  the  wood  is 
at  the  furnace,  the  oven  is  decidedly  preferable  to  the  pit.  If  the 
wood,  or  the  charcoal  is  to  be  hauled  from  a  distance,  it  will  de- 
pend on  that  distance,  and  the  means  of  transport,  whether  it  is 
more  profitable  to  char  in  ovens  than  in  pits.  At  the  lowest  price 
of  wood,  the  oven  is  60  cents  more  profitable  per  cord  than  the  pit, 
and  as  the  coal  of  6  cords  of  wood,  say  4  cords,  is  equal  to  one  cord 
of  wood  in  weight,  these  60  cents  taken  4  times  and  divided  by 
8,  or  66  cents,  is  the  price,  which  may  be  paid  for  hauling  1  coid, 
instead  of  the  coal  made  of  it.  If  the  cartage  of  wood  costs  more 
than  this  there  is  no  advantage  in  bringing  it  to  the  yard.  When 
a  cord  of  wood  costs  more  than  40  cents,  it  is  still  more  advanta- 
geoiis  to  use  the  oven.  If  a  cord  of  wood  costs  $2,  and  the  ad- 
vantages exclusive  of  labor  are  20  per  cent.,  which  makes  40  cents 
on  a  cord,  and  the  difierence  in  wages  for  charring  on  a  cord  a 
80  cents,  the  price  paid,  for  hauling  wood,  instead  of  coal,  to  the 

40  4-  30  X  4 
yard,  may  be  ^ =  08  cents  on  the  cord,  before  the 

methods  become  equally  beneficial.  If  these  favorable  circumstan- 
ees  in  carting  wood  can  be  secured  the  oven  has  its  advantages, 
but  not  otherwise. 

Charcoal  when  taken  to  the  yard  should  be  stored  under  sheds  to  • 
preserve  it  from  getting  wet  It  is  asserted,  and  not  without  rea- 
son, that  damp  coal  is  to  be  preferred  to  that  which  is  dry  and  fi^sh; 
this  latter,  therefore,  is  not  used  as  it  comes  fix>m  the  pits,  whilst 
that  which  comes  fi:om  the  ovens  is  used  in  its  dryest  state.  The 
assertion  that  old  coal,  or  damp  coal  is  better  than  that  which  is 
firesh,  relates  chiefly  to  such  fis  is  used  in  forges,  and  lead  and  cop* 
per  smelting  furnaces,  rather  than  to  iron  fumaoea    There,  is  how- 
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ever,  some  foundation  for  it  with  regard  to  blast  fumace&  It  ifl^ 
nevertheless,  certainly  untrue  that  old  coal  gives  out  more  heat 
than  that  which  is  fresh ;  its  superiority,  however,  over  the  fresh 
coal,  may  be  thus  explained : — The  charcoal  brought  in  from  a 
pit,  cannot  be  uniformly  dry;  one  load  is  more  damp. than  an* 
other ;  nor  is  coal  from  different  collieries,  although  made  of  the 
same  wood,  of  equal  quality.  In  charging  the  furnace,  therefore, 
with  such  coal,  the  dry  will  raise  the  heat  higher  up  in  the  stack ; 
and  as  it  is  a  nice  point  in  all  blast  furnace  operations  to  keep  it 
at  a  certain  height,  the  change  thus  caused  by  dry  coal,  even  if 
favorable,  is  a  disagreeable  one.  If,  in  addition,  after  one,  two  or 
more  charges  of  dry  coal,  a  damp  charge  is  brought  in,  the  flip- 
nace  again  undergoes  changes  which  cannot  be  favorable  to  the 
quantity  of  fuel  used,  because  all  changes  in  a  blast  furnace,  no 
matter  of  what  nature,  are  accompanied  either  with  a  loss  of  fii«l 
or  a  loss  of  metal.  There  is  an  advantage  in  storing  fresh  coial 
for  2  or  3  months,  or  even  for  6  months,  because  the  moisture  in  it 
becomes  equalized ;  it  also  causes  the  coal  to  mix,  and  become 
iliore  uniform  in  the  aggregate.  When  stoked  away  more  than  8 
or  9  months,  coal  rapidly  deteriorates  in  quality,  and  must  be  mixed 
with  fresh  to  make  it  suitable  for  iron  furnaces.  Sometimes  it  is 
necessary  to  damp  the  fresh  coal  with  water,  at  other  times  it  is  a 
vicious  habit  of  the  workmen.  K  fresh  coal  is  used  in  such  a 
condition,  it  works  very  badly  in  the  furnace ;  for  the  wet  parta, 
instead  of  burning  well,  diminish  the  fire,  while  the  dry  may  be- 
come red-hot,  and  decompose  the  steam  issuing  from  that  which 
is  damp ;  thus  considerable  fuel  is  wasted.  It  is  advisable  to  have 
water  near  a  coaling  ground,  in  case  of  accidents  in  consequence 
of  stonny  weather ;  or  for  damping  the  dust,  when  the  weather 
is  too  dry ;  but  it  is  a  bad  practice  for  colliers  to  use  it  too  freely 
in  drawing  coal. 

Good  charcoal  looks  perfectly  black,  glistening,  and  has  a 
glassy  fracture.  If  its  appearance  is  dull  and  velvety,  it  is  either 
drowned,  or  charred  at  too  low  a  heat,  and  is  weak.  Good  coal 
shingles,  like  fragments  of  porcelain,  and  resists  a  strong  pressure 
gradually  applied,  but  is  easily  broken  by  a  smart  stroke.  That 
which  is  well  charred  is  hard,  and  does  not  soil  the  fingers  in  a 
fresh  fracture.  All  fresh  coal,  and  good  old  coal,  floats  on  water ; 
drowned  coal  sinks  in  water  and  bums  without  a  flame,  even  if 
the  fire  is  urged  with  a  bellows.  That  containing  more  than  20 
per  cent,  of  moisture  is  not  good  for  smelting  iron,  but,  it  is  often 
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superior  to  dry  coal  in  bloomery  fires  and  forges,  for  smelting 
lead,  copper  and  other  metala 

The  price  paid  for  chopping  a  cord  of  wood,  varies  from  30  to 
40  cents ;  wood-choppers  furnish  their  own  axes  and  board.  The 
highest  prices  are  paid  for  chopping  saplings,  and  crooked  and 
hard  wood,  and  the  lowest  prices  for  chopping  straight  tall  tim- 
ber, of  not  less  than  8  inches,  and  not  more  than  20  inches  in 
thickness,  although  this  is  in  fact  the  most  profitable  for  char- 
ring. The  chopping  of  hard  and  knotty  wood,  costs  more  than 
clear  and  soft  wood.  Colliers  receive  from  If  to  2  cents  per 
bushel  of  coal,  of  2,600  cubic  inches,  delivered  in  the  furnace 
yard ;  40  bushels  are  generally  claimed  as  the  yield  from  hard 
wood,  and  35  from  pine  and  soft  wood  per  cord.  Good  colliers 
frequently  furnish  from  a  cord  of  good  wood  45  bushels.  Char- 
ring in  ovens  costs  from  |  of  a  cent  to  1  cent  per  bushel  of  coal. 
This  includes  hauling,  charging  the  oven,  charring,  and  the  deliv- 
ery of  the  coal  at  the  tunnel-head.  Less  attention  is  paid  to  the 
hauling  of  coal  from  the  woods  than  it  deserves.  It  is  generally 
performed  on  wagons,  with  boxes  that  contain  from  100  to  250 
bushels,  according  to  the  state  of  the  roads  and  the  strength  of 
the  team.  When  the  roads  are  bad,  much  coal  is  often  lost  by 
being  shaken  to  dust  in  these  boxes.  This  often  amounts  to  12 
or  15  per  cent.  The  vibration  of  the  boards  is  the  cause  of  this 
loss.  Gk)od  wagons  ought  not  to  waste  more  than  5  per  cent. 
As  it  is  the  stiff  boards  that  break  and  grind  the  coal,  it  will  be 
more  economical  to  line  the  wagon  boxes  with  thin  lath,  or  wil- 
low twigs.  The  store-houses  should  be  divided  by  massive  stone 
or  brick  walls,  to  prevent  extensive  loss  by  fire.  If  divisioils  into 
small  compartments  cannot  be  conveniently  made,  a  number  of 
small  sheds,  at  sufficient  distances  from  each  other  to  escape,  if 
one  happens  to  get  on  fire,  will  answer.  The  best  means  of  sub- 
duing a  fire  in  the  coal  or  wood  shed,  is  to  remove  all  the  mate- 
rials not  on  fire^to  a  distance,  and  cover  the  burning  mass  with 
coal-dust,  sand,  or  even  ore  if  nothing  else  is  at  hand.  Water  is 
of  little  avail  in  such  cases. 

Peat^  or  Turf^  and  brown  Coal:  with  these  we  include  all  that 
coal  which  does  not  form  coke,  and  is  younger,  or  of  a  more  re- 
cent formation  than  bituminous  coal  or  anthracite.  This  material 
is  not  much  used  in  metallurgical  operations.  As  good  fuel  can 
be  had  abundantly,  at  reasonable,  and  even  low  prices  all  over 
the  United  States,  there  is  no  inducement  to  use  this  inferior  min- 
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end.  All  of  it,  which  is  either  found  in  bogs,  in  allaTiom,  0ritt7 
tertiary  rock,  is  generally  very  impure,  brittle  and  damp,  aad' - 
with  very  few  exceptions,  perfectly  useless  in  its  raw  state  for  way  ■ 
of  the  operations  we  have  under  consideration. 

Tarf-GkaTcoaL — We  refer  to  this  article  not  because  it  feima 
a  cheap  fuel  but  for  its  peculiar  quality.  When  pure  turf,  whitdt 
contains  not  more  than  5  or  6  per  cent,  of  ashes,  i^first  tritoratsd 
in  a  mill,  such  as  is  represented  in  fig.  174,  and  then  stTon^y 
pressed  in  the  form  of  bricks  so  ss  to  Tcmove  most 
of  the  water,  and  afterwards  air-dried,  it  may  be 
converted  into  good  strong  charcoal.  It  is  chv* 
red  like  wood,  either  in  pita,  heaps,  or  ovens; 
but,  not  necessarily  in  such  large  quantities.  A 
pit  of  10  feet  in  diameter,  is  sufficiently  large  to 
secure  a  successful  charring ;  such  a  pit  is  bnmed 
in  8  to  10  days.'  Brown  coal  may  be  chatred 
likewise ;  it  is  not  however  formed  into  bricks  or  lumps,  but  «m- 
ply  ground  with  a  little  water,  and  then  charred  in  coke  oveos^ 
like  bituminous  coal-slack. 

Feat-charcoal  has  peculiar  advantages  for  welding  steel  and 
iron,  and  excels  all  other  fuel  in  this  respect  It  facilitates  the  - 
welding  steel  to  steel,  or  steel  to  iron,  or  working  of  small  iron, 
and  causes  the  adhesion  of  the  metal.  It  is  impossible  to  account 
for  this  peculiar  effect  except  by  the  composition  of  its  ashes, 
which  consist  chiefly  of  lime,  clay,  oxide  of  iron,  silex,  a  large 
quantity  of  phosphate  of  lime,  and  a  little  gypsum.  These 
substances  form  a  very  fusible  slag.  It  is  the  phosphorus,  which 
in  combining  with  iron  or  steel,  causes  it  to  be  fusible,  and,  suit* 
able  for  welding.  This  peculiarity  of  the  ashes  of  turf  is  in- 
jurious to  pig  iron,  which  must  be  cold  short  in  all  cases  when 
smelted  by  turf,  but  it  may  be  advantageous  in  smelting  lead  ores, 
particularly  those  refractory  lead  ores  which  are  smelted  for  silver. 

Mineral-coal,  Pit-coal,  or  Stone-coal. — The  various  kinds  of  ooal  ■ 
belonging  to  this  class,  constitute  so  extensive  a  mineral  treasure 
in  the  United  States,  that  a  mere  enumeration  of  the  extensive 
coal  fields  of  the  country  would  occupy  more  space  than  we  can 
spare.  In  the  third  part  of  this  work  we  shall  allude  more  par- 
tieuUrly  to  the  application  of  the  various  kinds.  All  this  coal  is 
black,  and  forms  a  dark  brown  or  black  powder;  bums  more  or 
less  freely,  with  or  without  flame ;  and  is  generally  very  pure,  and 
free  from  ashes,  the  quantity  of  which  varies  from  1-4  to  7  or  8 
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per  -  oent  A  dassificatioii  of  this  coal  into  lignite,  bituminous 
coal,  and  anthracite,  according  to  mineralogist^  is  not  propef 
in  our  case ;  we  divide  it,  firsts — into  mineral  coal,  which  forms 
charcoal,  to  which  turf  and  brown  coal  belong;  secondly,— into 
that  class  which  forms  coke ;  and  thirdly  into  anthracite,  which 
forms  neither  charcoal  nor  coke,  and  merely  changes  to  ashes  on 
being  exposed  to  the  strongest  heat  We  have  just  been  speak- 
ing of  the  first  class,  and  shall  confine  the  following  remarks  to 
the  second  and  third  classes. 

Bitumirums'COdL — Under  this  class  we  range  all  that  mineral 
coal  which  forms  coke ;  that  is,  it  swells  up  on  being  exposed  to 
heat,  bums  with  a  bright  flame,  blazes,  and,  after  the  flame  disap- 
pears, there  remains  a  spongy,  porous  mass — coke, — ^which  bums 
without  flame  like  charcoal.  We  also  range  under  this  dass  of  coal 
the  Nova  Scotia  coal, — the  Frostburg  coal  of  Maryland, — ^Rich- 
mond, Virginia,  coal, — some  North  Carolina  coal, — the  coal  of  all 
the  western  fields  belonging  to  the  Mississippi  valley, — the  coal 
in  Oregon  and  in  California.  There  are,  indeed,  coal  beds  in 
these  localities  which  are  closely  allied  to  either  anthracite  or 
brown  coal,  but  we  confine  our  classification  to  that  kind  which 
alters  its  form  on  being  exposed  to  heat  It  is  firequently  divided, 
by  miners,  into  various  sorts,  but  as  these  are  arbitrary,  we  do 
not  notice  them.  The  only  points  which  daim  our  attention, 
are  the  chemical  composition  and  the  form  of  the  coaL 

In  its  composition  we  find  chiefly  carbon,  oxygen,  hydrogen, 
nilarogen,  sulphur,  and  ashes,  with  a  little  water,  which  has  been 
absorbed  by  the  crevices.  The  following  table  shows  the  com- 
parative composition  of  various  sorts  of  mineral  fuel. 

Table  showing  the  Composition  of 


Cftrtxm. 

Hjdrogen. 

OzTgeoand 

Nitrogen. 

AriML 

Turf    .... 

.    58-09 

5-98 

81-87 

4-61 

Brown  coal 

71-71 

4-85 

21-67 

1-77 

Hard  bituminous  coal  . 

.    82-92 

6-49 

10-86 

0-18 

Oannel  coal 

88-75 

5-66 

8-04 

2-55 

Coking  or  backing  coal 

.    87-96 

5-24 

5-41 

1-40 

Anthracite 

91-98 

8-92 

8-16 

0-94 

Quantity  of  Heat — ^The  most  important  point,  and  one  which 
has  a  direct  bearing  upon  the  value  of  coal,  is  the  quantity  of 
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heat,  which  it  can  evolve  in  combustion.  If  we  assume  Ihait  fhe 
(J[uantity  of  ashes  is  equal  in  the  four  substances  mentioned  be* 
low ;  that  is  5  per  cent  in  each,  and  suppose  further,  that  pine 
charcoal  fiimishes  100  parts  of  heat, — ^the  following  table  sho^wB 
the  quantity  of  heat  which  must  be  liberated  in  their  perfect  com- 
bustion. 


KindofeoaL 

Cftrbon. 

Hydrogra* 

Wttar. 

Qoatttjo 

Brown  coal     . 

• 

.■     69 

8 

28 

78 

(Joking  coal 

. 

75 

4 

16 

87 

do. 

• 

.      78 

4 

18 

90 

Anthracite 

• 

86 

3 

7 

94 

Pure  carbon    . 

• 

.    100 

— 

100 

Quality  of  Heat, — The  degree  of  heat  which  may  be  produced 
by  coal  of  the  above  composition,  on  the  supposition  that  pure 
carbon  produces  4420°,  is,  in  the  first  3890°;  in  the  second 
8945° ;  in  the  third  3999° ;  and  in  the  fourth  4142°.  These  re- 
sults imply  of  course,  perfect  combustion ;  that  is, — neither  too 
much,  nor  too  little  oxygen  is  present.  But  this  is  practically  al- 
most an  impossibility ;  therefore,  these  degrees  of  heat  never  can 
be  realized,  although  the  quantity  may  be. 

K  one  ton  of  pure  carbon  is  considered  to  be  worth  one  dol- 
lar, the  same  weight  of  anthracite  is  worth  94  cents,  that  of  soft^ 
or  bituminous  coal,  from  85  to  90  cents,  and  that  of  brown  corf 
only  78  cents.  As  the  degree  of  heat  generated  from  fuel  is 
another  consideration,  particularly  in  smelting  refractory  metals, 
such  as  iron,  it  is  manifest  that  anthracite,  of  all  crude  mineral 
coal,  is,  next  to  charcoal,  the  most  valuable  fuel.  In  treating  c€ 
assays  heretofore  mentioned,  we  assumed  that  a  large  quantity  of 
hygroscopic  water  was  present ;  but  our  coals  generally  are  al- 
most entirely  free  from  it,  particularly  the  anthracite  ;  indeed  we 
may  assert  that  the  quantity  of  water  in  the  best  bituminous  coal 
is  not  more  than  5  to  12  per  cent.  Porous,  and  slaty  coal,  and 
all  that  which  is  liable  to  slack  by  exposure  to  the  Jiir,  contains 
more  water,  in  proportion  to  its  tendency  to  slack. 

Besides,  we  must  consider  the  quantity  of  ashes  as  well  as  the 
quantity  of  water,  in  the  valuation  of  coal.  The  loss  of  heat  oc- 
casioned by  water  does  not  depend  merely  upon  the  quantity ;  it 
is  occasioned  also  by  the  conversion  of  it  into  steam ;  whereas  the 
loss  of  heat  from  ashes  is  in  direct  proportion  to  their  quantity, 
although  not,  perhaps^  in  all  cases.     The  ashes  of  mineral  coal 
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<x>nsist  generally  of  silex,  clay,  gjrpsum,  iron  pyrites,  oxide  of 
iron,  lime,  magnesia,  and  often  chlorine  and  iodine.  It  is  doubt- 
ful if  the  iron,  lime,  magnesia,  and  even  alumina  and  silex,  are 
present  in  their  oxidized  state,  nor  is  it  likely  to  be  the  case  in  the 
presence  of  so  much  hydrogen,  particularly  in  anthracite,  coke, 
fresh  charcoal,  and  the  more  dry  and  compact  kinds  of  bitumi- 
nous coal.  If,  however,  it  does  occur,  the  ashes  form  as  well  fuel 
as  carbon  and  hydrogen,  for  in  absorbing  oxygen  these  metals  lib- 
erate heat.  This  is  certainly  the  case  with  the  iron  pyrites,  in 
which  not  only  the  sulphur,  but  also  the  iron  in  combination 
with  it,  forms  fuel  and  furnishes  heat.  In  porous,  slaty,  and 
damp  coal,  we  may  suppose  the  ashes  to  be  in  an  oxidized  con- 
dition ;  and  if  they  amount  to  more  than  40  per  cent,  in  a  mineral 
coal,  it  ceases  to  be  available  as  fuel.  Where  the  metallic  ores 
are  brought  in  direct  contact  with  the  fuel,  the  quantity  of  ashes 
should  never  be  more  than  10  per  cent.,  and  in  easily  vitrified 
metals,  such  as  lead  and  iron,  not  more  than  6  per  cent 

When  stone  coal  is  used  in  its  crude  state  no  particular  pre- 
paration is  necessary ;  it  is  taken  from  the  mine  directly  to  the 
furnaces.  There  is  even  no  need  of  protecting  it  against  rain,  or 
water  and  air,  for  a  limited  amount  of  moisture  is  generally  ad- 
vantageous ;  in  its  action  with  atmospheric  air,  it  causes  the  de- 
composition of  pyrites  and  consequently  removes  sulphur.  The 
only  preparation  for  this  coal  is  to  break  it  into  pieces  of  a  uniform 
size.  Slack  coal  should  be  slightly  damp,  before  using  it ;  this 
causes  it  to  bake,  and  form  coke  in  the  fiirnace,  which  admits  of 
a  more  liberal  passage  of  air  than  dry  coal  in  dust,  which  is  very 
apt  to  cause  solid  cakes,  impenetrable  by  air. 

Coking  of  coal. — Mineral  coal  is  converted  into  coke  for  the 
same  reason  that  wood  is  charred,  and  the  operation  is  similar  in 
both  cases.  An  essential  condition  in  forming  coke  is  that  the 
coal,  on  being  heated,  swells  and  changes  into  irregular  spongy 
masses,  which  adhere  intimately  together.  It  is  generally  as- 
serted that  this  operation  is  chiefly  designed  to  expel  sulphur; 
but  we  contend  that  its  main  object  is  to  expel  hydrogen  and 
form  a  coal  which  is  not  altered  by  heat.  This  species  of  coal  is 
one  of  the  requisites  in  most  smelting  operations,  the  absence  of 
hydrogen  is  another.  But  little  sulphur  is  generally  expelled  in 
the  operation  of  coking ;  for,  if  the  coal  is  sulphureous,  the  coke 
obtained  from  it  is  invariably  so.  Since  both  sulphur  and  hy- 
drogen are  injurious  to  most  smelting  operations,  the  collier  must 
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aim  to  expel  as  much  as  possible  of  each.  It  is  only  wheAltiere 
is  no  other  substance  present  to  which  they  may  adhere,  that  tiley 
both  are  driven  off  by  heat.  The  sulphur  cannot  be  entirely 
separated  fix)m  coke,  or  from  carbon,  no  matter  how  high '  ^ 
heat  may  be;  neither  can  all  the  hydrogen  be  removed  trometut' 
bon  by  simply  heating  the  compoimd.  If  oxygen  is  admitted^  to 
these  combinations,  both  sulphur  and  hydrogen  may  be  ahiiost 
entirely  expelled,  that  is,  provided  the  oxygen  is  not  introduced 
under  too  high  or  too  low  a  heat  It  follows,  therefore,  that  i^ 
as  is  actually  the  case,  we  need  coke  as  pure,  or  free  from  volatile 
substances,  as  possible,  the  coking  must  not  be  performed  in 
either  iron  retorts,  or  in  close  ovens.  Where  the  chemical  com- 
position of  coal  is  various,  different  methods  of  treatment  are  re- 
quired ;  these  are  effected  either  in  the  mode  of  work,  or  in  the  ap- 
paratus in  which  it  is  performed. 

(Joking  in  the  open  air. — In  selecting  coal  for  smelt  works,  we 
should  choose  those  kinds  which  are  the  most  free  from  askee, 
sulphur,  water  and  hydrogen ;  these  are  the  purest  and  form  the 
strongest  coke.  The  strength  of  coke  however,  as  well  as  that xtf 
charcoal,  depends  on  the  degree  of  heat  which  is  used.  When 
coal  abounds  in  sulphur,  as  well  as  bitumen  and  water,  the  best 
mode  of  coking  it  is  in  rows  or  clamps;  that  is,  in  a  long  pit  or 
heap,  a  section  of  which  is  represented  in  fig.  174.     The  length  of 

Fio.  174. 


such  a  heap  may  be  from  20  to  100  feet,  or,  in  fact,  it  may  have  any' 
length ;  but  its  width  must  not  exceed  from  6  to  12  feet.  If  the 
coal  is  very  impure  the  heaps  must  be  narrow,  but  if  it  is  hard  and 
pure,  it  may  be  charred  in  wide  rows.  It  is  advisable  in  all  cases 
to  perform  the  coking  near  the  furnaces ;  even  in  the  furnace 
yard,  the  transport  does  not  form  an  objectionable  consideration, 
because  the  yield  of  coke  is  universally  at  least  half  the  weight  of 
the  coal,  and  in  most  instances  more  than  that.  Now  coke  is 
comparatively  more  friable  than  stone  coal,  and  its  dust  is  worth- 
less ;  the  loss  prevented  by  coking  in  the  furnace  yard  therefbrc, 
is  more  than  sufficient  to  pay  the  higher  cost  of  transporting  ooal 
from  the  mine  to  the  furnace. 
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In  a  tow,  such  as  is  represented  above,  tlie  coarse  coal  forms  the 
flkeleton  of  the  heap  inside,  and  at  distances  of  8  or  12  feet,  a 
land  of  chimney  is  constructed  with  it.  If  coal  coarse  enough 
for  the  purpose  cannot  be  had,  a  flue  is  constructed  of  loose  fire- 
brick OD  the  floor,  over  the  whole  length;  this  forma  an  air  chan- 
nel. Chimneys  are  erected  of  bricks  in  the  proper  places,  as  shown 
in  ^  176.    Sometimes,  especially  where  wood  is  dieap,  a  loi^- 


tudinal  channel,  and  also  cross  channels  are  formed  with  it,  and 
likewise  the  cbimtneys  which  are  constructed  of  sticks.  The  best 
plan,  generally,  is  to  form  air-chanuels  through  the  bottom  and 
also  the  flues  or  chimneys,  of  coarse  well-charred  coke ;  these  do 
not  swell ;  they  hold  good  iire,  and  cause  no  loss, — for  what  is 
burned  in  one  kind  of  coal  is  saved  in  the  other ;  besides,  this 
metltod  fumiahes  the  best  coke.  One  of  these  long  heaps  of  coal 
is  from  3  to  5  feet  high,  according  to  the  kind  of  cxml;  it  oonmsts 
of  coarse  coal,  covered  by  small  coal  and,  at  last,  by  slack.  Fire 
of  wood  or  burning  coke  is  applied  to  the  foot  of  the  pile,  at  such 
distances  as  will  secure  a  uniform  distribution  of  it  and  in  the 
very  Ticnnity  of  the  flues  which  lead  to  the  chimneys,  as  these  are 
most  suitable  to  conduct  it  into  the  interior.  One  end  of  a  pile 
may  be  kindled,  burn  and  even  be  finished  while  the  other  end 
is  building;  thus  coke  may  be  formed  in  a  short  time.  The  col- 
lier must  aim  to  conduct  the  Are  into  the  interior  as  quickly  as 
possible,  and  heat  from  within  outwards ;  in  fact  this  operation 
must  be  done  on  the  same  principle  as  in  charring  wood.  But, 
sinoe  stone  coal  is  less  valuable  than  wood,  and  as  a  higher  heat 
is  required  to  drive  oEf  impurities,  and  also  more  fresh  air,  and 
moisture  to  expel  sulphur ;  the  burning  coal  must  necessarily  be 
wcffked  more  openly,  and  under  a  more  brisk  heat,  than  wood. 
When  the  fire  is  well  spread  through  the  interior  of  the  pile,  and 
iUt  progress  is  safe,  the  sides  of  the  row  are  covered  by  coke-dust, 
but  the  base  and  top  are  kept  free,  so  as  to  admit  of  a  lively  com- 


880  HSTALLUBOT. 

boBtion  and  a  strong  heat  la  fact,  a  large  quantity  of  air,  and 
if  possible  damp  tur,  is  required  at  this  time  to  pass  through  the 
coal,  if  good  coke  ia  expected  to  be  made.  After  the  lapse  of  34 
hours,  more  or  less,  the  heat  is  veil  distributed  and  the  fiames  on 
the  comb  of  the  pile  disappear,  and  hot  invisible  gases  only  es- 
cape. The  pile  is  now  closely  covered  with  coke-dust,  and  left 
to  cool ;  thifl  requires  another  24  hours,  so  that  in  two  days'  time, 
the  coke  is  burned  and  ready  to  be  drawn. 

Coarse  coal  fresh  from  the  mines  is  beat  suited  for  this  mode  of 
coking.  It  should  be  adopted  in  all  cases  where  the  coal  is  impure, 
and  a  good  article  is  required ;  for,  by  no  other  method  than  this, 
can  so  good  coke  be  obtained.  Other  modes  will  famish  more  coke 
from  the  same  amount  of  coal ;  but  good  coal  is  required  to  make 
coke  strong  and  pure,  such  as  is  suitable  for  iron  smelt  furnaces. 
The  foregoing  method  cannot  be  used  when  the  coal  is  fine,  that  is, 
when  it  consists  mostly  of  slack  coal,  because  such  coal  is  too  close 
and  does  not  admit  of  the  passage  of  air  suJficiently  to  form  good 
coke.  It  is  often  charred  by  mixing  it  with  small  wood,  chips, 
or  bushes  bound  in  faggots,  but  this  is  expensive,  and  where  wood 
is  scarce  cannot  be  resorted  to.  The  coal  then  is  charred  in  large 
heaps,  or  pits,  like  wood.  Such  a  pit  may  be  from  20  to  25  feet 
in  diameter,  and  from  3  to  8  feet  high,  according  to  the  quality 
of  the  coal. 

In  fig.  176  a  section  of  a  heap  is  represented.  A  strong  chim- 
ney of  firebrick  is  erected  in  the  centre,  alFording  many  flues  which 
lead  to  the  interior  of  the  mass.  It  ia  built  very  open  and  with- 
out mortar.     On  the  floor  there  should  be  a  series  of  channels  in 


a  radial  direction,  as  shown  in  fig.  177.  These  are  formed  of 
coarse  coal,  or,  which  is  better  still,  of  large  lumps  of  coke,  so  as 
to  be  always  open.  Flues  of  firebrick  do  answer  the  purpose, 
but  are  not  so  favorable  to  the  quality  of  coke  as  coke  channels. 
These  and  the  floor  are  covered  with  the  coarsest  coal  which  the 
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mine  affords,  and  when  it  is  exhausted  fine  coal  is  spread  over 
them  to  a  height  of  2  feet  or  more,  according  to  ite  quality.     Fire 
is  now  applied  to  the  flues  at  the  circumference,  and  urged  to  a 
unjform  and  lively  state.    A  dense  smoke 
issues  at  first  from  the  top  of  the  chimney.  "'■  "^■ 

This  soon  ceases  and  a  white  flame  of  car- 
buretted  hydrogen  takes  its  place.  Within 
two  or  three  hours,  the  smoke  and  some 
fire  apj>ear3  at  or  near  the  top  of  the  coal. 
which  indicates  that  the  fire  is  well  spread 
in  the  interior.  The  remainder  of  fresh 
email  coal  is  now  gradually  thrown  on, 
but  in  such  a  manner  that  the  heat  is  not 
checked.  Some  smoke  ought  to  issue  from  the  coal  at  all  limes, 
besides  the  flame  from  the  chimney.  Coal  is  therefore  thrown  on 
gradually,  to  the  height  which  may  be  desired,  so  that  the  heat 
follows  to  the  top  as  the  mass  increases.  When  all  the  coal  is 
put  on,  the  fire  is  permitted  to  break  through,  and  show  its  white 
flames  at  the  surface.  Those  places  which  are  hottest,  and  where 
the  white  flame  ceases,  are  covered  by  coke-dust ;  meantime  other 
places  which  do  not  work  so  lively,  or  are  behind,  are  urged  by 
ranning  an  iron  bar  into  the  heap  so  as  to  make  draught-holea, 
thus  securing  a  more  lively  combustion.  When  all  the  coal  is 
thus  heated  uniformly  to  the  top,  the  heap  is  covered  by  coke- 
dusL  At  the  foot  the  air  is  still  admitted  for  some  hours,  so  aa 
to  heat  the  heap  thoroughly.  When  the  inflammable  gas  ceasefl 
to  appear  at  the  chimney,  the  cover  of  dust  is  extended  to  the 
foot  of  the  heap,  but  the  chimney  is  still  kept  open  for  some  time. 
Finally  it  is  closed  at  the  top  by  a  slab  or  a  cast-iron  plate. 
The  dust-cover  when  a  white  heat  is  perceptible  below  is  well 
secured  by  throwing  dust  around  it  All  the  vents  on  the  sur- 
face arc  now  covered  closely,  and  the  earth  increased  so  as  to  pre- 
vent all  access  of  air  to  the  interior.  Three  days,  and  often  four 
or  five,  are  required  thus  to  char  a  heap  of  coal.  This  manner 
of  proceeding  applies  to  slack  coal.  Coarse  coal  may  be  worked 
in  rows  which  require  less  time  and  less  attention  than  heaps. 
There  is  no  advantage  in  charring  coarse  coal  in  heaps;  it  is 
coked  cheaper  and  better  in  rows. 

There  is  a  diflerent  manner  of  working  heaps  than  that  de- 
scribed above,  but  the  quality  of  the  coke  is  generally  inferior. 
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When  the  fire  is  well  established  in  the  interior,  the  chimney^iop 
is  shut,  and  the  heat  thereby  forced  through  the  body  of  eaaL 
When  the  fire  makes  its  appearance  at  the  surface  of  the  hetp, 
the  chimney  is  opened  again,  and  a  lively  combustion  prodiieed, 
which  soon  raises  a  high  heat,  and  shortly  finishes  the  operatimi. 
The  coke  obtained  in  this  way,  is  generally  strong  but  not  so  pure 
as  that  made  by  the  former  operation. 

The  heap  is  always  well  cooled  before  coke  is  drawn,  which 
requires  firom  one  to  three  or  four  days,  according  to  its  aze. 
When  the  coal  aboimds  in  sulphur,  the  heap  is  opened  in 
places  before  it  is  cool,  by  means  of  a  crowbar,  and  water  is 
thrown  upon  the  coke  although  still  red  hot.  Thus  a  large  quan- 
tity of  sulphur  may  be  expelled,  which  will  be  manifest  by  a 
strong  smell  of  sulphuretted  hydrogen.  The  eflFects  of  this  xn^e 
of  driving  oflF  sulphur  on  the  other  qualities  of  the  coke  are  BOXEfe- 
what  doubtful ;  for  it  invariably  has  a  tendency  to  weaken  Ae 
coke  and  cause  it  to  be  spongy  and  fiiable.  It  requires,  there- 
fore, a  strong  coke,  which  has  been  produced  by  a  strong  heat, 
to  resist  the  weakening  influence  of  water.  We  shall  preseiitly 
describe  a  better  method  for  elxpelling  sulphur. 

The  quantity  of  coke  produced  from  coal  varies  accordi&g  to 
the  quality  of  the  coal,  and  the  mode  of  operation.  It  is  not  often 
that  more  than  60  to  55  per  cent,  by  weight  is  obtained  in  row6 ; 
although  coal  which  does  not  contain  much  hydrogen  or  water, 
may  reach  60  and  even  65  per  cent.  The  yield  in  heaps  is  some- 
what better,  and  can  be  brought,  by  close  attention,  to  60  or  70 
per  cent.  The  coke  from  coal  generally  amounts  to  more  by 
measurement  than  the  quantity  of  coal  that  is  burned;  this 
varies  from  100  to  125  bushels  of  coke  from  100  bushels  of  coal ; 
it  is  not  ofl;en  less  than  110  bushels. 

The  place  where  coking  is  performed,  the  coke-yard,  is  gen- 
erally, near  the  furnaces  and  if  possible  on  a  plane  which  is  level 
with,  or  slightly  elevated  above  the  top  of  the  furnaces ;  this  is 
particularly  the  case  at  iron  smelt  furnaces.  The  coke  yard  ought 
to  be  level  throughout,  and  dug,  or  ploughed  over,  so  as  to  re- 
move all  stones  and  damp  places  within  two  feet  of  the  surfaoe, 
and  uniformly  covered  by  a  loose  and  light  soil.  This  yard  is 
surrounded  by  a  ditch,  into  which  rain  and  spring  water  flows, 
and  which  ought  constantly  to  contain  some  water,  which  may 
be  at  hand  when  needed,  and  also  moisten  the  ground.  The  ob- 
ject of  this  is  to  impart  by  these  means  a  certain  degree  of  damp- 
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neaSi  but  not  too  much,  to  the  whole  yard.  In  the  course  of  the 
operation  the  yard  is  covered  by  coke  dust^  which,  when  mixed 
with  soil,  is  very  suitable  to  retain  moisture ;  but  the  presence  of 
water  around  the  yard,  enables  us  always  to  obtain  damp  dust 
by  digging.  A  damp  coke  yard  possesses  great  advantages  for 
driving  ofif  sulphur  from  coal.  This  substance  adheres  tenaciously 
to  carbon,  and  no  degree  of  heat. can  expel  it;  not  even  with  the 
assistance  of  fresh  air.  The  best  method,  therefore,  to  desulphuret 
coal  is  foimd  to  consist  in  highly  heated  steam.  Consequently,  if 
coal  is  heated  on  a  damp  groimd,  steam  is  generated,  which,  in 
passing  through  the  hot  coal,  is  decomposed  and  carries  off  sul- 
phur. If  the  heat  is  too  high,  or  too  low,  these  means  are  as  in- 
effectual as  any  others ;  it  is  difficult  to  hit  the  exact  point  If 
moisture  is  always  present  it  will  act  at  the  proper  time.  When 
the  coal  is  at  the  highest  heat,  no  vapors  will  issue ;  the  ground 
is  dry,  and  none  are  needed. 

The  principles  involved  in  making  coke  are  exactly  the  same 
as  in  charring  wood,  with  the  exception  that  coke  is  less  combus- 
tible than  charcoal  and  less  care  and  attention  is  required  to  ob- 
tain good  results.  The  fire  should  always  work  from  the  interior 
to  the  exterior,  and  the  more  this  is  attended  to,  the  better  will 
be  the  yield.  When  coal  is  very  impure,  or  fine,  it  is  necessary 
to  work  with  less  cover,  in  order  to  make  quality,  but  this  is  al- 
ways accompanied  by  a  loss.  Sometimes  the  flues  are  formed  by 
erecting  poles,  of  10  or  12  inches  in  diameter,  after  the  coal. is 
thrown  around  them,  and  before  the  fire  is  applied  they  are  widi- 
drawn.  This  mode  of  forming  flues  is  only  applicable  where  the 
coal  is  coarse  and  does  not  bake  too  much.  But  in  such  cases 
no  flues  at  all  are  needed ;  the  coarse  coal,  when  piled  openly, 
forms  sufficient  spaces  for  draught.  When  coal  is  very  bitumin- 
ous, and  swells  considerably,  it  must  be  set  with  large  spaces,  and 
good  safe  flues ;  and,  in  order  to  insure  good  work,  it  is  coked 
without  any  cover  of  coke  dust. 

Coking  in  ovens, — This  method  is  resorted  to,  in  order  to  ob- 
tain more  coke,  work  slack  coal  and  save  labor ;  but  to  the  me- 
tallurgist it  is  of  little  use,  and  seldom  serves  his  purposes,  because 
coke  made  in  ovens  is  never  so  free  from  sulphur  as  that  charred 
in  the  open  air.  However,  for  the  use  in  cupolo,  in  air  furnaces 
around  crucibles,  for  melting  lead  and  some  other  metals,  it  serves 
equally  as  well  as  coke.  We  shall  not  allude  to  those  ovens,  by 
which  the  products  of  distillation  are  obtained,  for  they  are  with- 
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oat  value  here.    The  only  valuable  substance  is  ooal  tar,  of  which 
the  gas  works  furnish  as  much  as  there  is  a  market  for. 

The  varieties  of  form  in  coke  ovens  are  innumerable ;  we  shall, 
therefore,  confine  our  attention  to  only  a  few  of  thenL  In  fi^ 
178,  is  represented  a  vertical  section  of  a  coke  oven  such  as  is 


mostly  in  use  in  the  western  states,  and  other  regions  where  coke 
is  made.  It  is  generally  built  against  a  hill-side,  and  is  accessible, 
at  the  top  where  the  aperture  is,  by  a  road,  so  that  the  wagons 
may  deposit  their  loads  of  coal  raost  conveniently  to  it.  The  form 
of  the  interior  of  the  oven  resembles  that  of  a  common  baker's 
oven,  only  it  is  round,  as  represented  in  the  plan,  fig.  179.  The 
hearth  is  from  10  to  12  feet  in  di- 
ameter, and  has  a  door  2  feet  in 
width  on  one  side.  The  arch  is 
in  its  centre  or  highest  point,  about 
3^  or  4  feet  above  the  bottom,  and 
about  18  inches  or  2  feet  in  its 
span.  The  opening  in  its  centre 
is  from  20  to  24  inches  in  diam- 
eter. The  entire  hearth,  both  the 
bottom  and  arch,  is  constructed  of 
firebrick ;  the  rough  walls  around 
these  may  be  either  of  common 
brick,  or  rough  or  dressed  stones.  Two  or  more  ovens  are  gen- 
erally huilt  together,  as  shown  in  fig.  180.  This  arrangement 
saves  labor,  because  there  ia  always  more  than  one  hand  required ; 
and  two  or  three  hands  may  quite  as  well  tend  as  many  ovens. 

The  manner  of  using  these  ovens  is  extremely  simple.  If  one  ia 
cold,  which  is  always  the  case  when  new,  or  on  Monday  mornings, 
a  quantity  of  wood  ia  first  spread  over  the  hearth,  and  kindled; 
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e  some  lump  coal  is  added.  This  fire  is  then  continued 
briskly,  until  the  arch  and  sides  are  red  hot  The  ashea  are 
either  removed,  or  drawn  towards  the  door  hj  means  of  a  long 
hook,  or  left  where  they  are,  in  case  no  harm  is  done  to  the  coke. 


When  the  oven  is  hot,  the  coal  is  thrown  in  at  the  top,  and  spread 
uniformly,  over  the  hearth,  by  another  hand  at  the  side  door. 
The  height  of  coal  upon  the  bottom,  depends  on  the  kind  of 
coke  which  is  to  be  made ;  if  it  ia  to  be  close  and  heavy,  the  stra- 
tum is  from  16  to  20  inches  thick ;  and  only  12  or  14  inches  if  it 
is  to  be  pure,  in  which  case  the  coke  is  more  spongy.  When  all 
the  coal,  which  varies  from  2  to  3  tons  at  a  time,  is  charged,  the 
door  is  shut,  either  by  means  of  a  castiron  plate,  or  by  fire-brick. 
A  few  small  apertures,  however,  are  left  open  for  the  access  of  a 
little  air,  which  are  stopped  as  soon  as  the  heat  inside  is  strong 
enough  to  drive  off  the  volatile  matter.  From  the  aperture  in  the 
centre  of  the  roof,  a  thick  dense  smoke  at  first  issues,  which  is 
soon  supplanted  by  a  bright  fiame.  It  is  not  good  to  increase  the 
heat  too  rapidly  by  throwing  in  the  coal  too  fast ;  there  is  no  need 
of  haste  in  charging,  for  nothing  is  gained  by  it ;  on  the  contrary, 
loss  may  ensue.  When  the  coke  is  thoroughly  heated,  which 
takes  about  15  or  16  hours,  the  flame  ceases  at  the  top,  and  all 
the  openings  in  the  door,  and  at  the  top  are  closed;  still  a  few 
small  crevices  may  be  open  which  admit  a  little  air.  This  causes 
the  heat  to  become  intense,  and  then  the  coke  draws  together,  and 
fonns  a  more  close  and  compact  body.  This  last  heat,  which  re- 
quires about  two  hours,  settles  the  coke.  All  crevices  and  joints 
are  then  carefully  closed,  and  the  oven  left  for  some  hours  to  coo!. 
One  heat  requires  from  20  to  22  hours,  and  when  all  things  work 
well,  an  oven  must  be  heated  and  discharged  in  24  hours.  This, 
however,  depends  very  much  on  the  quantity  of  coal  which  is 
charged.    A  high  stratum  requires  a  disproportionally  longer  time 
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for  charring  than  a  low  one ;  when,  therefore,  the  object  lA  ^to 
make  much  coke,  and  work  cheap,  it  is  not  advisable  to  put  too 
much  coal  into  the  oven. 

The  discharging  or  drawing  of  the  coke  ought  to  be  done 
while  the  oven  is  red  hot.  It  must  be  done  quickly,  so  as  not  to 
lose  too  much  by  combustion,  and  also  not  to  cool  the  oven,  io 
order  that  fitesh  coal  may  inflame  at  once  when  it  is  charged. 
The  door  is  opened,  but  the  cast-iron  plate  which  shuts  the  top  ia 
not  removed.  As  the  coke  forms  a  solid  cake,  which  is  often 
very  strong,  a  long  heavy  iron  bar  is  driven  in  at  the  bottom,  by 
which  the  cake  is  broken,  so  as  to  form  pieces  of  a  limited  size. 
The  coke,  when  thus  drawn  from  the  furnace,  is  dropped  on  the 
ground,  and  the  hot  mass  sprinkled  with  water  by  means  of  a 
watering  pot  and  syringe.  This  damping  of  the  hot  coke,  cools 
it  for  removal,  and  in  the  mean  time  causes  some  of  the  sulphur 
to  evaporate.  When  the  hot  coke  is  remoyed,  fresh  coal  is  im- 
mediately thrown  into  the  oven,  provided  it  is  not  too  hot ;  for 
an  unnecessary  loss  of  coke  is  the  consequence  of  a  decomposition 
of  the  coal  too  rapidly. 

Ovens  do  not  furnish  the  cheapest  coke,  and  of  course  not  the 
best  kind.  Their  superiority  over  coking  in  an  open  yard,  con- 
sists in  working  slag  coal  with  greater  facility  than  it  can  be  done 
in  the  yard.  The  yield  in  an  oven,  in  weight  and  in  measure, 
may  be  pushed  very  high,  by  applying  a  low  heat  in  coking ;  80 
per  cent,  and  even  86  per  cent,  in  weight  may  be  obtained,  by 
150  or  160  bushels,  in  measure.  The  coke  thus  obtained  is  not 
strong  and  heavy,  but  always  spongy ;  it  bums  with  flame,  and  is 
not  suitable  for  smelting,  notwithstanding  however  good  it  may 
be,  for  use  in  locomotives.  Good  coke,  even  if  made  in  ovens, 
must  be  silver-gray,  crystallized  in  columns,  and  shingle  like  good 
well-charred  charcoal.  The  coke  ovens  near  and  around  Pitts- 
burg, Penn.,  furnish  a  first  rate  article  from  slack  coal.  An  oven 
will  not  furnish  much  more  good  coke  from  a  certain  weight  of 
coal,  than  the  heap  or  row  in  the  yard.  The  average  return  of 
«^ood  coke  formed  by  a  high  degree  of  heat,  is  from  55  to  65  per 
(U3nt.  in  weight,  and  100  to  120  per  cent,  in  measure. 

In  this  country  the  variety  in  the  form  of  ovens  is  not  very 
great,  and  in  fact  there  is  no  necessity  for  it ;  the  one  deacribed 
above,  works  as  well  as  any.  Still  we  should  like  to  see  an  im- 
provement on  that  oven  for  the  particular  use  of  the  metallurgist. 
A  certain  quantity  of  air,  and  if  possible  moisture,  ought  to  paes 
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tlirou^  hot  coke,  as  we  have  ehown,  in  order  to  purify  it.  This 
does  not  take  place  in  the  ovens  above  described.  A  little  air 
passes  in  at  the  door,  but  that  of  course  cannot  reach  the  mass  of 
coke.  Experiments  have  been  made  to  introduce  air  by  perfora- 
ting the  bottom ;  but  thej  have  been  found  to  be  of  little  avail, 
because  the  coke  soon  becomes  so  close  as  not  to  admit  of  ita  pas- 
sage. The  moat  successful  method  of  producing  good  coke  in  a 
large  quantity,  and  also  for  accelerating  the  work,  is  the  construc- 
tion of  a  channel  around  the  inner  wall  of  the  oven,  a  horizontal 
section  of  which  is  shown  in  Sg.  181.     The  air  is  drawn  in  at 


both  sides  of  the  door  through  this  channel,  which  is  about  6 
inches  wide,  between  the  rough-wall  and  the  lining  of  the  oven, 
and  conducted  by  small  apertures  into  the  oven ;  there  may  be 
nine  or  ten  of  such  flues  or  tuyeres  2  or  2}  inches  wide  in  the  cir- 
cumference. These  air-holes  must  be  above  the  stratum  of  coal, 
as  shown  in  fig.  182.     They  are  therefore  about  2  feet  from  the 


hearth.  A  couple  of  bricks  will  serve  to  close  the  entrances  to 
the  miun  channel,  when  necessary.  The  operation  of  this  air 
channel  is  plain.  Whenever  it  is  open,  the  air  furnished  by  it 
will  cause  the  gases  which  escape  from  the  ooal  to  bum,  and  heat 
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the  arch  and  the  top  of  the  coal.  By  increasing  the  heat  in  tfi6 
oven,  it  consequently  accelerates  the  operation,  and  causes  a 
stronger  coke  to  be  made.  This  channel  must  be  used  with  dia- 
cretion  and  judgment,  for  if  it  is  either  opened  too  soon  on  iMe 
fresh  coal,  or  suffered  to  remain  open  too  long  on  the  hot  coke,  it 
causes  waste. 

In  speculating  on  the  best  construction  of  aeoke  oven,  we 
must  remember,  that  a  liberal  supply  of  air,  and,  if  possible,  the 
presence  of  moisture  also,  is  required  at  a  certain  period  of  the 
operation,  in  order  to  form  good  coke.  In  other  respects,  the 
principles  laid  down  in  charring  wood  are  applicable  here.  High 
arches — cupolas — are  generally  more  durable  than  those  of  less 
span ;  they  conduce  to  a  good  yield  and  strong  coke,  but  work 
slow.  If,  however,  they  are  not  well  attended  to,  the  yield  may- 
be worse  than  with  flat  arches,  because  the  coal  is  longer  in  the 
oven.  But  the  coke  from  a  high  arched  oven  is  never  so  good 
as  that  from  a  low  arched  one.  No  one  who  bears  in  mind  that 
a  thin  stratum  of  coal  and  low  arch,  with  its  more  perfect  work, 
furnishes  better  coke  than  a  thick  stratum  of  coal  and  high  arch, 
can  doubt  which  plan  of  construction  is  the  most  suitable  to  fur- 
nish coke  for  metallurgical  operations.  For  the  formation  of 
good  coke,  the  coal  should  not  be  higher  than  12  inches,  and  the 
highest  part  of  the  oven  not  more  than  3^  feet,  from  the  bottom. 
There  is  little  harm  done  in  having  the  arch  only  3  feet  high  in 
the  centre,  and  18  inches  around  the  circumference. 

The  drawing  of  the  hot  coke  is,  no  doubt,  hard  labor.  An 
attempt  has  been  made  to  facilitate  it  by  making,  the  hearth  of 
the  oven  square,  and  fitting  to  two  opposite  sides,  doors  as  large 
as  the  sides  themselves,  so  as  to  remove  the  whole  cake  at  once. 
Little  if  any  thing  is  gained  by  this  plan,  for  it  is  attended  with 
the  loss  of  a  large  quantity  of  coke  by  combustion.  When  the 
stratum  of  coke  is  not  thicker  than  15  or  16  inches,  and  a  strong 
iron  bar  is  driven  in  below,  whilst  it  is  hot,  it  is  easily  broken. 
The  low  oven,  and  thin  stratum,  offer,  therefore,  the  greatest 
advantages  in  tliis  country,  because  coal  is  here  cheap  and  labor 
high ;  we  can  afford  to  waste  the  former,  but  not  the  latter.  In 
addition,  when  we  consider  that  the  coke  is  more  suitable,  when 
manufactured  in  this  way,  for  our  purposes,  there  cannot  be  a 
doubt,  as  to  the  form  of  the  ovens  and  the  mode  of  work. 

In  respect  to  the  preservation  of  coke,  what  has  been  said  of 
charcoal  is  equally  applicable.    Coke  ought  to  be  stored  under 
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sheds  for  protection  against  rain  and  snow,  for  it  absorbs  water 
as  readily  as  charcoal.  It  is  asserted  on  experience,  that  coke 
which  has  been  stored  lor  three  or  four  months,  is  better  than 
that  which  is  firesh.  We  may  account  for  this  in  the  same  man- 
ner as  has  been  done  in  the  case  of  charcoal.  It  neither  is,  nor 
can  be  the  moisture,  which  causes  these  advantages,  for  it  cannot 
furnish  heat^  it  absorbs  it.  We  shall  find  the  cause  of  the  old 
coke  being  better  than  fresh,  to  consist  in  the  more  uniform  dis- 
tribution of  moisture,  and  consequently  in  its  more  uniform  qual- 
ity. Coke  is  not  so  easily  affected  by  water  as  charcoal,  and  as 
steam  removes  sulphur,  there  is  no  harm  done  in  damping  hot 
coke,  if  too  much  water  is  not  used.  The  presence  of  sulphur  is 
always  recognized  upon  damping  hot  coke ;  but,  if  we  wish  to 
detect  the  quantity  of  sulphur  it  contains,  it  is  rubbed  together 
with  pure  oxide  of  iron  and  heated  in  a  crucible.  The  grains  of 
iron  thus  obtained  are  fi'eed  from  coke  by  washing,  and  tested 
for  sulphur  by  dissolving  them  in  diluted  acid ;  the  sulphuretted 
hydrogen  is  gathered  by  precipitating  a  metallic  solution. 

Anthracite. — This  is  the  most  important  of  all  the  class  of  min- 
eral fuel,  for  metallurgical  operations  in  this  country,  although 
not  in  other  parts  of  the  world.  Pennsylvania  anthracite  is  not 
only  abundantly  distributed  in  the  eastern  part  of  that  state,  but 
its  great  purity,  and  solid  form,  adapt  it  particularly  to  the  use  of 
the  smelter  and  operator  in  metals.  The  chemical  composition 
of  anthracite  is  similar  to  charcoal,  from  which  it  differs  chiefly 
in  its  form,  being  very  hard  and  compact,  and  in  the  greater 
quantity  of  ashes  which  it  contains.  It  is,  like  charcoal,  unaltered 
in  form  after  exposure  to  the  strongest  heat ;  even  after  passing 
through  a  blast  furnace,  it  has  equally  as  sharp  edges,  and  is  in 
form  exactly  as  it  was  before.  The  following  table  presents  the 
composition  of  some  of  the  anthracite  of  Pennsylvania. 


Composition. 


Locality. 

Lehigh  coal.  Summit  mines, 
Schuylkill  coal,  Tamaqua  mines,  92*07 
Potts  ville, 
Pinegrove, 

Wilkesbarre,  Luzerne  Co. 
Carbondale,        "         " 


Cubon.  Volatil.  muter. 

AbIms.  Specific  fimTity, 

88-50 

7-50 

4-00 

9207 

5-03 

2-90 

1-57 

9410 

1-40 

4-50 

1-50 

79-57 

•  7-15 

8-28 

1-54 

88-90 

7-68 

3-49 

1-40 

90-28 

7-07 

2-70 

1-40 
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The  ultimate  analysis  of  anthracite  shows  it  to  be  composed 
of  90*45  carbon,  2*43  hydrogen,  2*45  oxygen,  some  nitrogen,  and 
4*67  ashes.  Another  specimen  of  Pennsylvania  anthracite  w«s 
composed  of  94*1  carbon,  2*39  hydrogen,  -87  nitrogen,  1"88  oxygen, 
and  1'3  ashes.  The  ashes  generally  consist,  like  those  of  bitami- 
nous  coal,  of  silex,  alumina,  oxide  of  iron,  and  chlorides,  which 
generally  evaporate  and  condense  on  cold  objects  in  the  form  of 
white  films.  Some  of  this  coal  contains  considerable  quantities 
of  sulphur,  which  is  chiefly  found  in  the  fine  parts  and  slack,  in 
consequence  of  the  coal  having  been  broken  into  lumps  of  uniform 
size  before  use,  and  because  the  sulphureous  parts  are  the  most 
brittle  and  slaty.  When  we  desire  a  relatively  pure  coal  for  oiir 
operations,  anthracite  should  be  used  in  large  lumps. 

Anthracite  is  the  most  important,  and  best  fuel  for  the  oooelt- 
ing  of  metals,  partly  because  it  is  nearly  as  pure  as  charcoal,  and 
generally  cheaper  than  either  that  or  coke.  When  a  ton  of  bitti- 
minous  coal  can  be  bought  at  50  cents,  which  is  an  average  price 
in  the  coal  regions  of  the  West,  a  ton  of  coke  will  cost  not  less 
than  $2,  at  which  price  many  of  the  iron  furnaces  buy  anthra- 
cite. The  points  in  which  the  advantages  of  anthracite  are  great- 
est are  these, — if  coal,  coke  and  anthracite  must  be  transported, 
the  latter  is  far  before  the  first  in  cheapness.  A  ton  of  charcoal 
cannot  be  furnished  under  the  most  advantageous  circumstances 
for  less  than  $6.  When  we  now  consider  that  anthracite  occa- 
sions no  expense  in  the  erection  of  char  ovens,  and  yards,  or  for 
the  superintendence  of  the  charring  operation,  no  interest  on  cap- 
ital invested  in  a  stack  of  wood,  charcoal  or  coke,  there  is  little 
doubt  as  to  the  superior  cheapness  of  anthracite  over  charcoal  and 
coke  in  melting.  We  shall  speak  of  this  subject  more  at  length 
in  the  proper  place,  in  the  third  part  of  this  work. 

Anthracite  is  not  so  imflammable  as  either  dry  wood  or  bitu- 
minous coal,  but  it  may  be  made  to  burn  quite  as  vividly  as 
either,  by  exposing  it  to  a  strong  draught,  or  in  a  large  mass,  to 
the  action  of  air.  Since  there  is  little  or  no  hydrogen  in  this  coal, 
it  bums  without  flame,  and  its  use  for  many  purposes,  such  as 
heating  reverberatorics,  has  been  in  so  far  delayed.  As  has  been 
explained  in  previous  pages,  this  absence  of  flame  arises  chiefly 
from  the  lack  of  solid,  heated  particles  in  the  gases,  and  as  trans- 
parent hot  gas  does  not  mdiate  heat,  no  matter  what  may  be  its 
temperature,  it  has  been  found  that  the  anthracite  flame  does  not 
heat  the  hearth  of  a  reverberatory  so  well  and  so  quick,  as  bitu- 
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minous  coal  or  flaming  wood.  This  evil  can  be  remedied  by  ap- 
plying a  blast  under  the  grate  of  a  furnace.  Thus  fine  particles 
of  coal  are  carried  over  by  the  hot  gases,  and  the  flame  so  formed 
radiates  heat  as  well  as  that  of  any  other  fuel.  It  is  manifest,  that 
the  pressure  of  blast,  or  the  force  of  the  current  of  air,  which  is 
to  tear  loose  these  particles  of  coal,  must  be  in  proportion  to  the 
refiractory  nature  of  the  coal.  If  the  draft  is  too  strong  these  par- 
ticles will  be  too  large,  and  therefore  be  deposited  on  the  hearth 
where  the  current  has  not  sufficient  strength  to  keep  them  sus- 
pended ;  their  effect  is  thus  lost  If  the  particles  are  extremely 
small  and  the  Aimaces  so  constructed  as  to  retain  a  lively  cur- 
rent, their  subsidence  is  prevented.  A  low  roof  is  therefore  re- 
quired in  burning  anthracite  coal  in  a  reverberatory  furnace. 
Another  consideration  which  has  a  strong  influence  on  the  forma- 
tion of  flame,  is  the  size  of  the  grate.  Small  grates  generally 
furnish  more  flame  than  large  ones,  but  only  when  flaming  fuel 
is  used,  where  the  carburetted  hydrogen  affords  the  carbon  as  mi- 
nutely as  it  is  required.  A  large  grate  is,  in  this  instance,  more  suita- 
ble to  form  a  good  substantial  flame  than  a  small  onc^  for  a  gen- 
tle draught  in  it  will  produce  only  small  particles,  while  a  strong 
blast  tears  off  large  ones  which  are  of  little  use.  The  truth  of  this 
explanation  of  the  formation  of  flame,  is  forcibly  illustrated  in  the 
reheating  and  puddling  furnaces  of  the  iron  works.  For  reheat- 
ing or  welding  iron  anthracite  is  decidedly  preferrable  to  bitumi- 
nous coal,  because  it  is  more  economical  and  works  faster.  The 
low  roof,  in  the  reheating  furnaces,  is  the  only  cause  of  good  work 
with  anthracite.  The  same  coal,  with  the  same  blast  and  size  of 
grate,  will  produce  a  perfectly  white  flame  in  a  reheating  furnace, 
while  we  cannot  obtain  a  similar  flame  from  it  in  a  puddling  ftir- 
nace. 

Sometimes,  the  ashes  which  are  formed  by  anthracite  and 
deposited  in  the  flues,  or  on  the  hearth,  are  a  cause  of  objection. 
This  evil,  if  it  cannot  be  entirely  obviated,  can  at  least  be  greatly 
modified  by  increasing  the  surface  of  the  grate.  It  is  in  connec- 
tion with  the  deposit  of  these  ashes  that  the  strong  draught,  as  we 
remarked  before,  tears  loose  large  particles  of  carbon  which  can- 
not be  supported  by  the  slow  moving  gases,  nor  consumed  be- 
cause their  mass  is  too  large  and  refiractory. 

Chseous  Fuel, — ^In  smelting  and  other  operations  of  metal* 
lurgy,  we  do  not  use  any  natural  gaseous  fuel.  That  which  is 
generated  firom  solid  fuel  can  be  used  advantageously  only  in 
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some  particular  cases,  of  which  we  shall  speak  at  the  propor  tu 
If  we  generate  combustible  gases  from  solid  fuel  and  use  them, 
we  shall  only  accomplish,  by  a  complicated  procesSi  those  leaoltB 
which  we  can  generally  attain  more  advantageously  by  using  the 
fiiel  itself  It  would  lead  us  &rther  than  our  spao^  »AmifM^  tD 
show  the  folly  of  generating  gases  for  combustion  from  solid  fuel, 
but  we  will  show  the  principle  of  the  operation,  and  each  one  mfty 
draw  his  own  conclusions. 

If  we  would  produce  the  highest  heat  &om  fuel,  it  is  necesauj 
to  convert  all  the  carbon  into  carbonic  acid ;  this  can  be  doiie  in 
any  well-constructed  furnace  with  brick  walls,  and  in  which  the 
layer  of  coal  on  the  grate  bars  is  not  too  high.  Seven  inches  for 
bituminous  coal,  and  eighteen  inches  for  anthracite,  is  nearly  the 
proper  height  In  combustion  thus  conducted,  we  obtain  the 
highest  heat,  and  the  largest  quantity  of  it  The  principle  in- 
volved in  forming  gas,  is  to  use  a  thick  layer  of  coal,  and  convert 
all  the  oxygen  and  carbon  into  carbonic  oxide ;  introducing  firesh 
oxygen,  or  atmospheric  air,  at  a  proper  place  behind  the  grate^ 
and  converting  the  carbonic  oxide  into  carbonic  acid.  If  the  sim- 
ple combustion  of  solid  fuel  in  the  grate  is  perfect,  we  obtain  just 
as  much  heat  as  in  forming  gas;  indeed,  there  cannot  be  the 
slightest  difference ;  for  perfect  combustion  will  furnish  the  same 
amount  of  heat  in  both  cases.  It  is  asserted  that  perfect  combus- 
tion is  more  easily  accomplished  in  burning  gas  than  solid  fuel ; 
we  contend  that  this  is  not  the  fact,  and  experience  confirms  our 
statement.  In  well-constructed  furnaces  there  is  less  fuel  used, 
by  burning  it  directly,  than  in  forming  gas.  The  use  of  gas  in 
reverberatory  furnaces  is  inconsistent  vnth  sound  principles.  We 
have  seen  that  flame  is  required  in  revcrberatories ;  but  by  form- 
ing and  burning  carbonic  oxide  no  flame  is  produced,  and  no 
radiation  of  heat  can  be  expected. 

One  of  the  objects  in  the  construction  of  furnaces,  is  to  con- 
dense the  heat  into  the  smallest  space  possible,  in  order  to  dimin- 
ish the  surface  of  apparatus,  and,  consequently,  the  radiating 
surface.  In  generating  gas  from  solid  fuel  this  object  is  neglected, 
and  the  consequence  is  a  loss  of  heat,  both  by  conversion  and 
radiation.  All  combustion,  as  well  as  the  use  of  the  heat  which 
is  generated,  must  be  confined  to  the  smallest  possible  space; 
any  unnecessary  extension  of  space  causes  loss  in  the  degree  and 
quantity  of  heat.  In  fact,  the  generation  of  gas  from  fuel,  for 
the  purpose  of  subsequent  combustion,  appears  to  us  like  pump- 
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ing  water  by  hand  upon  a  water-wheel,  in  order  to  drive  a  mill 
thereby. 

The  only  useful  application  of  gaseous  foel  is  when  hot  gases 
are  prevented  from  passing  away  into  the  air,  and  their  heat,  instead 
of  being  wasted,  is  abstracted  for  some  valuable  purpose.  The 
investigation  of  this  subject  does  not  belong  to  this  place,  and  it 
has,  in  fact,  no  connection  with  that  of  generating  of  heat  We 
shall  allude  to  it  when  treating  of  those  subjects  where  it  is  ^>- 
plied.  In  concluding  this  chapter,  we  insert  a  table  showing  the 
results,  as  calculated  for  various  kinds  of  fuel. 


Kind  of  fuel 

Air-dried  wood  20  per  cent,  moisture. 
Wood  of  10  per  cent,  moisture, 
Kiln-dried  wood, 
Air-dried  turf  30  per  cent,  water,  10 

ashes, 

Kiln  dried, 

Brown  coal,  20  per  cent,  water, 

Bitimiinous  coal. 

Anthracite,      .... 

Charcoal,  12  per  cent,  water. 

Turf-coal,         .... 

Coke,  fresh. 

Tunnel-head  gas  charcoal, 

"  "    coke. 

Anthracite,      .... 
Stone  coal,  bituminous, 
Gases  generated  from  solid  fuel,  and 

burned  in  separate  chambers. 


Degree  of  heat  which   Qtmntitj  €f  heat 
voMj  be  generated.        cording  to  toIi 


2838° 

25 

8018° 

— 

8163° 

— 

2708° 

86 

8378° 

68 

8658° 

60 

8963° 

86 

4233° 

94 

4418° 

97 

4288° 

88 

4823° 

92 

2163° 

•08 

2700° 

•10 

2500° 

_ 

3323° 

v». 

2200' 


•  •• 


CHAPTER   VI. 


Means  which  facilitate  Combustum. — ^In  order  to  obtain  the 
highest  degree  and  the  largest  quantity  of  heat  from  fuel,  certain 
artificial  means  are  used,  consisting  of  properly-constructed  fur- 
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naceS;  chinineys,  and  blast  macliines.  We  must  always  endeaVor 
to  make  the  combustion  perfect ;  that  is,  to  convert  all  the  car- 
bon, by  oxidation,  into  carbonic  acid,  and  all  the  hydrogen  into 
water.  In  fact,  all  substances  which  are  susceptible  of  it  should 
be  oxidized  to  the  highest  degree.  When  one  part  of  pure  coal, 
by  being  converted  into  carbonic  acid,  liberates  8000^,  or  parts, 
of  heat,  it  will  produce  only  2480°  if  oxidiced  only  to  carbonic 
oxide.  A  liberal  supply  of  air  is,  therefore,  necessary  to  all  com- 
bustion ;  for  the  losses  accruing  from  a  deficiency  are  far  greater 
than  those  caused  by  an  excess  of  air.  In  order  to  condense 
combustion  into  a  small  space,  the  hot  gases  are  either  drawn 
away  by  a  chimney,  or  fi^sh  air  is  forced  into  the  coal  by  blast 
machines ;  or  both  means  are  resorted  to  at  once. 

Construction  of  Furnaces, — The  forms  of  furnaces  are  modified 
to  answer  the  specific  objects  of  their  construction.  We  shall, 
here,  only  allude  to  some  general  principles,  in  relation  to  diem, 
which  it  is  useful  to  know.  The  highest  degree  of  heat  which  is 
possible,  is  required  to  form  carbonic  acid.  That  is  to  say,  it  is 
more  safe  to  form  it  at  high,  than  at  low,  temperatures.  The  hi^- 
est  heat  which  may  be  produced  in  forming  carbonic  acid,  is  about 
4000°,  while  in  forming  carbonic  oxide  it  is  not  much  more  than 
2000°.  The  most  important  objects  to  be  considered  in  attempt- 
ing perfect  combustion,  are  the  thickness  of  the  stratum  of  coal, 
and  the  absence  of  spaces  in  it.  It  must  be  uniformly  close,  and 
as  low  as  possible ;  nor  can  it  be  too  thin  so  long  as  sufiicient  heat 
is  generated.  Holes,  or  spaces  in  the  coal  through  which  atmos- 
pheric air  may  pass,  are  chiefly  to  be  avoided,  for  such  air  in  its 
passage  only  absorbs  without  producing  any  heat.  Again,  the 
grate  surface  should  not  be  too  large ;  for  when  it  is,  and  more 
heat  is  produced  than  can  be  consumed,  the  carbonic  acid  is  trans- 
formed into  carbonic  oxide.  The  smallest  space,  therefore,  is  the 
most  profitable ;  or,  in  other  words,  the  grate  should  never  have 
a  larger  surface  than  is  actually  necessary.  The  material  of  which 
a  furnace  is  constructed  has  an  important  influence  upon  the  com- 
bustion. Good  conducters,  such  as  metals,  lower  the  degree  of 
heat,  and  the  formation  of  carbonic  acid  becomes  extremely  doubt- 
ful. All  those  substances  which  surround  the  fire  should  be 
either  natural  or  artificial  stones ;  the  porosity  of  the  latter  ren- 
ders them  preferable  under  the  form  of  fire-brick,  which  resist  the 
degree  of  hea^t  generated  in  the  grate ;  they  are  most  suitable  for 
this  purpose.    It  is  not  in  respect  to  its  non-conducting  capacity. 
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alone,  that  a  fire-proof  material  is  to  be  selected,  but  its  color  has 
an  influence  on  combustion.  White  surfaces  form  carbonic  acid 
with  greater  facility  than  darkened,  or  black,  bricks  or  stones. 
The  spaces  between  the  grate  bars  should  not  be  too  narrow,  for 
a  sufficient  width  facilitates  the  formation  of  carbonic  oxide ;  this 
is  true  also  of  tuyeres.  Coarse  fuel  has  not  such  a  tendency  to 
form  carbonic  oxide  as  fine  fuel ;  the  stratum  of  the  former  may 
be  thicker  than  that  of  the  latter.  Some  fuel,  particularly  anthra- 
cite, is  liable  to  flying,  on  being  suddenly  placed  in  a  hot  fire ; 
this  may  be  prevented  by  heating  the  coal  gently,  for  some  time, 
before  charging  it.  W  hen  fiiel  is  gently  heated,  before  it  is  placed 
in  a  furnace,  provided  it  can  be  conveniently  done  by  waste  heat,  it 
is  always  attended  with  a  good  eflfect  The  water  is  thus  evapo- 
rated and  the  fuel,  whether  wood  or  coal,  is  prevented  from  form- 
ing dust.  In  some  instances,  advantages  may  be  derived  firom 
heating  the  air  before  it  enters  the  furnace.  When  this  can  be 
done  by  waste  heat,  these  advantages  may  be  measured  by  the 
ratio  of  heat  indicated,  or  rather  the  difference  between  the  feed- 
ing air  and  the  heat  in  the  furnace.  If  4000^  are  generated  in 
the  furnace,  and  the  feeding  air  is  introduced  at  500°,  |  of  the 
amount  of  fuel  may  be  saved  by  this  hot  air.  But,  since  hot  air 
facilitates  combustion,  and  consequently  the  formation  of  carbonic 
oxide,  all  the  advantages  gained  by  it  may  be  lost  in  its  combus- 
tion. Id  smelting  operations,  hot  blast  has  peculiar  advantages, 
which  it  would  be  out  of  place  to  notice  here.  There  are  other 
means  for  increasing  either  the  quantity  or  quality  of  heat,  such 
as  the  grinding  and  washing  of  liiel  with  warm  water  to  remove 
gypsum  and  other  soluble  salts ;  also  pressing,  drying,  and  char- 
ring it :  all  these  have  been  alluded  to  in  former  pages. 

Chimneys, — The  most  common  means  to  produce  draught,  are 
chimneys.  It  is  not  our  object  to  present  a  theoretical  investiga- 
tion of  this  subject,  which,  in  fact,  would  be  useless  here,  in  our 
case ;  but  to  point  out  some  leading  principles  which  should  be 
observed  in  the  construction  of  chimneys.  In  all  cases,  the  walls 
of  a  chimney  can  never  be  too  thick,  particularly  the  rough  wall. 
Heat  is  the  power  which  produces  the  motion  of  air,  and  it  ought 
to  be  preserved.  The  height  of  a  chimney  is  not  important ;  its 
top  must  of  necessity  be  raised  over  the  roof  of  the  buildings,  and 
that  height  is,  in  all  cases,  sufficient  to  ensure  perfect  combustion. 
In  any  case  there  is  no  need  of  a  higher  chimney  than  will  an- 
swer to  carry  off  the  gases  beyond  the  reach  of  harm.    When 
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oombustion  is  perfect,  carbonic  acid  is  formed,  which  is  fiur  hevncr 
than  atmospheric  air,  and,  therefore,  requires  a  high  degree  ttf 
heat  to  ascend  a  tall  chimney.  The  lowest  stack  is  the  most 
profitable  in  this  case,  for  it  loses  less  heat  by  radiation  than  a 
high  one.  In  all  metallargical  operations,  there  is  sufficient  waste 
heat  for  producing  draught,  and  hardly  a  case  occurs  in  which  a 
want  of  heat,  when  it  is  properly  applied,  is  the  cause  of  a  want 
of  draught  It  is,  therefore,  of  no  advantage  to  have  high  chim- 
n^s ;  but  it  is  essential  to  have  them  wide  enough  to  abstract 
and  remove  the  hot  gases  produced  in  the  grate.  The  gases  gen* 
erated  from  different  kinds  of  fuel  are  not  equal  in  composition; 
thus,  wood  and  bituminous  coal  generate  a  large  quantity  of  water, 
or  steam,  besides  carbonic  acid,  while  anthracite  and  charcoal  do 
not  These  latter  generate  chiefly  carbonic  acid  of  a  specific 
gravity  of  1*52 ;  and  if  we  take  the  nitrogen  which  passes  through 
the  grate  into  account,  the  burnt  air  is  still  heavier  than  atmos- 
pheric  air,  in  proportion  of  109  to  100.  It  is  evident  that  a  cer- 
tain quantity  of  heat  is  required  to  render  this  of  the  same  specifie 
gravity  as  the  atmosphere,  and  an  additional  quantity  to  set  the 
gases  in  motion ;  when  we  consider,  also,  that  large  surfaces  radi«> 
ate  much  heat,  the  conclusion  is  irresistible  that  low  stacks  are 
more  profitable  in  the  consumption  of  fuel  than  high  ones.  Steam 
is  not  half  as  heavy  as  atmospheric  air;  and  where  it  is  mingled 
with  the  products  of  combustion,  there  is,  therefore,  a  stronger 
motion.  Hence,  we  conclude,  that  a  chimney  for  a  wood  fire  may 
be  naiTower  than  one  for  bituminous  coal ;  while  for  bituminous 
coal  it  may  be  of  smaller  dimensions  than  one  for  anthracite  and 
charcoal. 

We  may  state,  in  general,  that  vertical  chimneys  are  prefer^ 
able  to  inclined.  That  as  little  heat  may  be  lost  in  the  ascent  of 
gases  as  possible,  the  interior  of  a  chimney  ought  to  be  as  even 
and  smooth  as  it  can  possibly  be  made.  The  bricks  of  the  lining 
must  be  so  far  refractory  as  not  to  be  vitrified  or  melted  by  the 
beat  which  passes.  The  advantage  of  the  round  form  for  a  chim- 
ney is  small,  and  when  the  difficulties  of  construction  are  con- 
sidered, square  stacks  are  preferable.  It  is  a  practical  question 
to  determine  the  size  of  grates,  flues,  and  chimneys.  We  shall 
allude  to  particular  cases,  because  this  is  a  subject  which  on  ac- 
count of  the  great  varieties  of  fuel,  the  form  of  furnaces,  and  local 
distinctions,  cannot  be  decided  by  general  formulas;  these,  nt 
least,  are  so  complicated  that  confidence  is  not  placed  in  them. 
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As  an  illustration ; — ^the  spaces  between  the  grate  bars  are  gener- 
ally such,  that  I  of  the  whole  surface  of  the  grate  admits  of  the 
passage  of  air;  but  this  is  contracted  to  tV  ^^^  ^^  ^^r  burning 
wood,  and  enlarged  to  |  for  anthracite.  The  spaces  are  narrower 
for  a  strong,  than  for  a  weak  draught,  and  wider  in  a  puddling 
than  in  a  reheating  furnace.  In  those  furnaces  in  which  roasting 
is  performed,  the  spaces  are  considerably  wider  than  in  common 
furnaces,  but  in  those  which  serve  for  smelting  they  are  the  small- 
est There  are,  in  fact,  so  many  circumstances  having  an  influ- 
ence upon  this  subject,  that  it  will  trespass  too  much  upon  our 
limits  to  speak  of  them  all  here. 

Blast  Machines. — ^In  most  metallurgical  operations,  the  fire  iA 
urged  to  the  proper  degree  of  heat  by  forcing  air  into  the  fuel. 
This  is  done  by  machines  which  are  driven  by  some  power.  The 
pressure  of  the  blast  thus  generated,  and  the  velocity  with  which 
it  enters  the  fuel,  is  greater  or  less  according  to  the  kind  of  fiiel, 
and  the  effect  which  it  is  intended  to  produce.  The  most  com- 
mon blast  machines  are  smith's  bellows :  these,  however,  are  of 
limited  use  in  smelting  metals.  They  are  confined  to  the  heat- 
ing and  melting  of  small  quantities,  with  which  we  have  no  con- 
cern. Some  bellows  of  this  form  have  been  constructed  entirely 
of  wood,  which  produced  a  stronger  blast  than  the  leather  bel- 
lows, but  they  have  become  antiquated,  and  are  not  any  longer 
employed.  A  great  deal  of  ingenuity  has  been  expended  in  the 
construction  of  blast  machines,  but  these  we  shall  not  refer  to,  a9 
they  possess  merely  an  historical  interest.  We  shall  describe 
only  those  which  are  at  present  in  actual  operation,  barely  men-' 
tioning  such  others  as  may  be  of  use. 

The  Fan, — This  machine  is  represented  in  figs.  188  and  184. 
It  is  on  the  most  improved  plan,  and  affords  more  pressure  than 
those  of  any  other  form.  It  has  been  described  on  page  104,  and 
we  shall  add  here  only  such  remarks  as  apply  to  the  principles  in- 
volved in  its  construction.  Whatever  may  be  the  form  of  a  fan, 
the  casing  ought  to  be  strong  and  heavy,  in  order  to  resist  vibra- 
tions, in  case  they  are  produced  by  the  vanes ;  the  stationary  part 
of  the  fan  is,  therefore,  of  cast-iron.  The  movable  parts  must  be 
as  light  as  possible.  A  strength  sufficient  to  withstand  the  de- 
structive effects  of  motion,  is  all  that  is  needed,  for  the  resist- 
ance of  the  air  is  so  small  as  to  demand  no  particular  attention. 
The  axle  of  the  vanes  ought  to  be  of  fine  shear  steel,  the  ends  of 
which  are  hardened,  and  run  in  bronze  or  anti-friction  metal. 
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The  puQey  should  not  he  too  amall ;  at  least  not  leas  than  foiw 
inches  for  amall  fans,  and  siz  inches  for  large  ones.  The  croai, 
which  ia  &8tened  to  the  axle,  and  which  bears  the  four  Tuwf^ 


must  be  of  good  wrought  iron,  and  as  light  as  poBsible.  It  is  not 
sufficient  that  the  arms  of  the  cross  are  of  equal  length,  and  that 
it  balances  well  when  turned  round  with  its  axle ;  the  centre  of 
gravity  in  each  of  the  arms,  should  be  equidistant  from  the  axis 
of  rotation.  This  implies,  that  the  arms  must  be  exactly  of  sim- 
ilar dimensions,  and  of  uniform  metal.  As  the  vanes  are  made 
of  sheet  copper  which  is  thin,  they  can  easily  be  made  of  exactly 
the  same  weight,  and  have  their  centres  of  gravity  placed  in  a 
circle  described  by  the  rotation  of  the  axle  and  arms.  The  num- 
ber of  vanes  has  little  influence  on  the  effect  of  the  machine,  more 
than  four  are  useless.  The  casing  of  sheet-copper,  which  is  riv- 
eted and  soldered  to  the  vanes,  may  be  merely  thick  enough  to 
retain  ite  form ;  for  there  is  no  pressure  upon  it  which  cannot  be 
resisted  by  a  thin  sheet,  bent  as  it  is  into  a  concave  form.  The. 
moving  parts  of  the  machine  should  be  worked  ivith  the  greatest 
attention,  so  as  to  be  smooth,  and  run  true,  or  without  waving. 
The  effect  of  these  machines  is  not  dependent  on  the  size  of  the 
vanes.  It  has  been  ascertained,  that  the  best  size  for  a  vane  ia, 
1'5,  or,  in  some  cases,  1'4  or  1'6,  of  the  size  of  the  nozzle ;  or  the 
sum  of  all  the  nozzles  which  are  supplied  by  the  fan.  If  there 
is  more  difference  between  the  nozzle  and  vane,  the  effect  will  be 
dinunished.     The  distance  between  the  vanes,  in  the  circle,  is  of 
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great  importance.  If  the  space  from  one  to  another  is  larger  be- 
tween any  two  vanes,  than  between  others,  the  apparatus  will 
vibrate,  and  lose  power.  The  size  of  the  suck-holes,  around  the 
axle,  is  variable ;  no  harm  is  done  if  they  are  as  large  as  possible. 
The  centre  in  the  iron  casing  must  be  well  turned,  or  bored  out,  and 
the  copper  collar  at  the  inner  casing  must  be  turned  true,  so  that 
only  a  small  space  is  formed  at  the  centres  between  the  inner  and 
outer  case.  In  fig.  185  a  blower  is  represented,  in  which  a  her- 
metic packing  is  very  ingeniously  accomplished. 

Fia.  186. 


Fan-blowers  furnish  the  most  imiform  and  the  best  kind  of 
blast,  and  they  should  be  used  more  extensively.  The  only  ob- 
jection to  these  very  useful  machines  is  a  want  of  pressure,  and, 
as  most  smelting  operations  depend  more  or  less  on  pressure,  this 
objection  is  well  founded.  In  a  common  old-fashioned  fan,  scarcely 
more  than  |  of  a  pound  of  pressure  can  be  produced  by  the  great- 
est velocity ;  but  with  this  improved  fan  J  of  a  poimd  may  be 
obtained  by  a  limited  speed.  The  diameter  of  the  axle  and  vanes 
have  some  influence  in  producing  pressure.  It  has  been  ascer- 
tained that  a  diameter  beyond  three  feet,  for  the  movable  part>  is 
of  no  great  advantage ;  the  weight  of  the  machine,  in  such  a  case, 
increases  too  rapidly  with  the  diameter,  without  affording  an 
equivalent  in  effect.  Fans  have  been  driven  to  make  1800  revo- 
lutions per  minute ;  but  from  600  to  1200  revolutions  may  be 
regarded  as  a  practicable  speed.  The  effect  of  a  fan  should  be 
as  the  cube  of  the  velocity,  but  that  is  never  obtained,  and  in 
very  few  instances  it  approaches  near  the  square  of  the  speed. 
The  main  loss  of  effect  takes  place  at  the  centres,  with  the 
old  fans;  as  they  did  not  admit  such  close  fitting  joints  as  the 
one  represented  in  the  cut,  no  pressure  could  be  obtained  at  the 
greatest  velocity.  The  fan,  fig.  184,  is  perfectly  secured  against 
these  losses,  and  as  it  causes  little  or  no  firiction,  it  is  best  to  pro- 
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duce  pressure.  It  has  been  proposed,  and  experimenla  hftve  bieeir 
made,  to  cause  a  higher  pressure  in  ian  blasts  hy  blowing  ^th 
one  £ui  into  another,  and  thus  multiply- the  pressure  by  muHi« 
plying  the  fens.  We  are  not  aware  with  what  success  these  ex- 
periments have  been  made,  but  should  think  that,  if  conducted 
with  judgment,  they  would  result  fevorably.  The  direct  cause 
of  pressure  in  the  air,  which  is  whirled  round,  is  centrifugal  force, 
the  laws  of  which  are  very  well  known.  It  is  not,  therefore,  diffi- 
cult to  estimate  the  effect  of  these  machines.  There  may  be  ele- 
ments in  the  construction  of  the  fan,  which  are  not  sufficiently 
developed  to  be  perfect ;  but  when  this  subject  is  referred  to  the 
theory  of  turbines,  some  definite  rules  ought  to  be  found.  It  haa 
been  stated  that  an  angle  of  43^  is  the  best  for  the  vanes,  others 
assert  that  a  radial  form  is  the  best,  and  again,  others  draw  a 
spiral  over  the  whole  space  from  one  vane  to  the  other.  Little 
difference  seems  to  have  been  found  between  these  forms^  from 
which  we  are  inclined  to  conclude  that  no  one  of  them  may  be  the 
right  one.  It  is  probable  that  the  form  of  vanes  is  as  intricate  a 
subject  as  that  of  the  bucket  in  a  reaction  water-wheeL  How- 
ever simple  this  machine  appears  to  be,  very  little  is  nevertheleoi 
known  of  the  principles  on  which  it  acts,  and  of  course  notliiiig 
of  the  elements  of  its  construction, 

Oylinder  or  Piston  Blast  Machines, — Where  pressure  is  required, 
these  are  the  most  useful  machines.  When  they  are  well  built, 
any  amount  of  pressure  may  be  produced.  Cylinder  machines 
are  constructed  with  a  double  and  simple  stroke ;  the  wooden 
ones  are  generally  of  the  latter,  and  the  iron  of  the  first  descrip- 
tion. In  addition,  there  are  machines  with  one,  two,  and  three 
cylinders.  One  of  the  chief  aims  in  constructing  a  blast  machine 
must  be  to  produce  a  uniform  pressure.  This  is  difficult,  even 
with  a  regulator  attached.  This  subject  should  receive  the  most 
scrupulous  attention,  as  we  shall  presently  show.  There  is  still 
room  for  improvements,  as  most  of  our  blast  machines  do  not  ftQ> 
nish  that  uniformity  which  is  required.  Fig.  186  is  a  vertical 
section  of  a  wooden  blast  machine  most  usually  made.  A,  A, 
are  two  simple  working  cylinders,  in  each  of  the  pistons  of  which 
there  are  two  valves.  On  the  top  of  these  cylinders,  there  are 
valves  which  lead  to  the  regulator  B,  in  which  a  piston  moves 
that  is  connected  by  an  iron  piston-rod  with  the  weight  C.  A 
balance  beam  D,  sets  both  pistons  A  A  in  motion,  and  is  itself 
moved  by  a  crank-pin  and  connecting-rod  from  the  wheel  E, 
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wUdi,  ^ain,  is  moTed  by  b  water-wheel  or  a  steam-engjne.  The 
whole  maohine  is  fitstened  to  eabstautial  timbers,  which  rests  upon 
a  good  foondatioti  of  hewo  stones.     These  cylindeie,  and  the  r^ 


ulator,  are  from  3  J  to  5  feet  in  diameter,  and  not  often  of  more 
than  3  feet  stroke.  The  construction  of  the  cylinders  is  a  delicate 
operation.  It  is  best  to  compose  the  whole  of  segments  of  circles 
as  shown  in  fig.  187,  which  are  cut  out  of  1}  inch  plank  of  dry 
ash  wood,  and  well  glued  together.  The 
fibre  of  the  wood  runs  then  parallel  with  fiojb?. 

the  circumference.  This  form  secures  great 
solidity,  prevents  \rarping,  and  sfibrds  so 
much  strength,  when  the  thickness  of  the 
sides  is  at  least  three  inches,  that  no  iron 
hoops,  or  biDders  of  any  kind  are  required. 
As  the  movement  of  the  beam  does  not 
produce  a  perfectly  parallel  motion  in  the 
piston  and  its  rod,  it  is  necessary  that  the 
stroke  should  be  short  When  the  interior 
of  the  cylinders  is  perfectly  round  and  smooth,  there  is  not  much 
friction  produced,  provided  the  surfaces  are  well  covered  by  a 
coating  of  fine  plumbago.  Fat,  grease,  or  oil  of  any  kind  should 
not  be  put  within  a  blast  cylinder.  Black-lead  and  glue,  formed 
26 
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to  a  thin  paste,  is  the  best  lubrication  in  this  case.  The  wei^^t 
which  holds  the  piston  in  the  regulator  is  somewhat  bulky,  «yfai 
when  of  iron,  because  the  surface  of  the  piston  is  large ;  its  wei^t 
added  to  the  balance  weight,  must  be  sufficient  to  counterbalance 
the  pressure  of  the  blast.  From  15  to  16  strokes  per  minute, 
may  be  made  with  this  machine.  The  packing  of  the  pistons  may 
be  either  of  metal,  wood,  or  leather,  although  the  latter  is  gener- 
ally chosen.  The  valves  are  constructed  of  dry  light  wood,  and 
the  close  pit  is  secured  by  a  piece  of  leather  or  of  galvanized  india 
rubber,  which  at  the  same  time  serves  the  purpose  of  hinges. 
The  interior  of  the  cylinder  is  sometimes  lined  with  hard  wood, 
the  fibres  of  which  run  opposite  to  the  others,  that  is,  vertically. 
Thus  the  friction,  it  is  asserted,  is  less  than  when  the  fibres  of  the 
wood  run  horizontally.  This  improvement  is  of  no  use,  for  the 
object  here  is  to  form  a  lining  of  graphite  and  glue, — ^a  substance 
which  is  hard,  and  causes  very  little  friction. 

These  blast  machines  are  rather  expensive,  costing  nearly  as 
much  as  iron  ones ;  a  good  machine  of  this  kind  will  cost  from 
$500  to  $600,  whilst  an  iron  machine,  which  furnisher  equally 
as  much  blast,  can  be  bought  for  $700  or  $800.  In  these  wooden 
cylinders  the  pressure  cannot  well  be  increased  above  f  of  a  pound 
to  the  square  inch.  This  is  quite  sufficient  in  the  majoiSty  of 
smelting  operations,  but  if  we  consider  the  durability  of  iron,  the 
less  degree  of  friction  attending  it,  and,  if  required,  the  greater 
pressure  that  can  be  obtained,  there  cannot  be  any  hesitation  in 
deciding  which  is  the  better  material  for  these  machines.  No 
excuse  can  be  given  for  the  erection  of  wooden  blast  machines, 
except  the  scarcity  of  iron  in  consequence  of  the  difficulties  of 
transportation. 

In  the  annexed  cut,  fig.  188,  a  section  of  an  iron  beam  blast 
machine, — as  these  are  frequently  found  in  the  Western  States — 
is  represented.  Here  are  two  cast-iron  cylinders,  with  double  and 
four  feet  strokes.  The  balance  beams,  which  are  either  of  wood 
or  iron,  are  driven  by  cranks  and  wooden  connecting  rods.  The 
stationary  beam,  which  supports  the  balance  beams,  is  set  in  strong 
stone  wfdls  at  both  ends,  and  may  be  supported  in  the  middle  by 
an  iron  or  wooden  frame.  The  cylinders  are  generally  from  SO 
inches  to  3  feet  in  diameter.  Such  a  machine  furnishes  readily 
from  1000  to  1200  cubic  feet  of  air  per  minute.  The  whole  of  it 
must  be  firmly  supported  by  a  strong  stone  foundation.  As  it 
does  not  furnish  blasts  of  equal  pressure  free  from  oscillations,  it 
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is  not  Bttitable  to  be  used  at  blast  furnaces  for  amelting.  A  regu- 
lator must  be  appended,  in  such  a  manner  as  to  be  applicable  to 
those  cases  where  a  uniform  pressure  is  required.    It  may  serve 


in  the  form  represented  for  feeding  forge,  refining,  and  other 
fires ;  but  even  in  these  cases  a  uniform  density  of  blast  is  advan- 
tageous. 

The  erection  of  regulators  is  in  some  cases  inadmissible,  Id 
others  it  is  expensive  and  inconvenient.  This  has  led  to  the 
coQStructioii  of  the  follomng  machine,  in  trhich  an  attempt  is 
made  to  produce  a  steady  blast  without  a  regulator.  The  object 
is  not  quite  accomplished ;  still  the  machine  is  &r  better  than  that 
with  two  cylinders,  represented  above,  and  may  generally  be 
used  without  a  regulator.  In  fig.  189,  a  machine  with  three  cyl- 
inders is  shown ;  it  is  partly  a  sectional  view.  It  needs  no  farther 
explanation ;  it  is  constructed  of  iron,  and  the  piston-rods  work 
from  below,  moving  in  guides  to  secure  a  straight  and  parallel 
motion.  This  machine  has  the  great  advantage  of  being  com- 
pact, strong  and  cheap.  As  the  arrangement  by  which  the  air  is 
conducted  &om  the  cylinders  cannot  well  be  shown  in  the 
above  drawing,  we  present  fig.  190,  which  represents  a  vertical 
Motion  in  the  opposite  direction.    Two  hollow  cast-iron  beams, 
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A,  A,  sappoTt  the  cylinders^  and  one  serres  in  the  meantime  «ft 
the  conductor  of  the  bUst,  in  the  other  the  auddng-vklTei  aiv  lo- 


cated.   At  the  top  is  a  round  pipe,  B,  running  the  length  of  the 
r,,  ,„  machine  in  which  the  blast  is  gathered 

from  the  upper  parts  of  the  cylinders. 
The  upper  and  the  lower  pipes  are  ooo- 
nected  by  an  upright  pipe,  and  &om-tiiiB 
the  blast  is  conducted  to  the  desired  spot 
at  the  furnaces.  We  obserre  in  this 
machine  that  all  the  valves  are  aitnated 
BO  as  to  be  nearly  vertical  when  shutj 
this  is  partly  to  save  power,  because  ihs 
lifting  of  a  horizontfd  valve  causes  an 

S      iH    Mt\^  l\\  unnecessary  expansion  of  air;  and  part 

^    J^K^VVt^  ^y>  ^  Avoid  the  noise  made  by  the  clap- 

ping of  BO  many  valves,  which  is  greater 
when  tliey  are  horizontal  than  when  ver- 
ticaL  The  valves  are  made  of  wood, 
)  although  the  machine  is  of  iron.  The 
other  arrangements  of  the  machine,  in 
which  there  is  nothing  of  partioulir 

importance,  we  shall  allude  to  hereafter. 

Figure  191  shows  an  iron  bellows  with  horizontal  cylinder; 
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it  u  the  most  oommon  blast  macliine  at  laxgs  fbrnaces  in 
this  oauntry.  The  cylinder  is  frequently  found  to  be  from  6  to 
6  feet  in  diuneter,  and  generally  with  as  much  stroke ;  the  latter, 


however,  is  often  increased  to  If  of  that  of  the  diameter.  These 
machines  are  always  double  acting.  The  piston-rod  is  frequently 
found  to  pass  through  both  heads,  so  as  to  balance  some  of  the 
weight  of  the  heavy  piston,  thus  the  friction  is  somewhat  dimin- 
ished. One  end  of  the  piston  rod  is  attached  to  a  connecting  rod, 
which  is  joined  to  the  crank  of  a  water-wheel  or  a  steam  engine, 
or  it  is  driven  by  a  gearing  of  cog-wheels.  The  first  plan  ia  the 
beet  These  horizontal  blast  cylinders  afford  some  advantages 
over  the  vertical  cyhnder.  A  foundation  is  more  readily  made 
and  secured  for  them,  than  for  a  vertical  cylinder,  and  the  waste 
room  at  each  head  can  be  diminished  to  a  minimum,  in  conse- 
quence of  the  position  of  the  valvea  The  principal  disadvanta- 
ges in  this  machine,  consist  in  a  far  greater  loss  of  power  from 
friction  than  in  vertical  cylinders.  In  the  case  represented,  there 
is  another  disadvantage,  arising  from  the  position  of  the  air-pipe 
which  leads  from  the  blast-valves;  that  pipe  should  be  below  the 
cylinder  instead  of  above,  thereby  affording  a  more  advantageous 
play  of  the  valves. 

We  forbear  to  notice  all  other  forms  of  blast  machines,  because 
most,  or  all  of  them,  are  so  constructed  as  to  bring  the  air  in  con- 
tact with  water.  The  oases  in  which  water  does  no  harm  in  met 
i^nrgical  operations  are  very  few ;  such  as  roasting  ore,  or  refin- 
ing metals ;  but  even  in  these  instances  it  is  better  to  throw  water 
itsdf  into  ^e  ftiroace,  than  to  drive  vapois  through  the  fuel    In 
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whatever  form  water  appears,  it  can  never  aid  combustion, -and 
all  assertions  to  the  contrary,  are  erroneous.  When  water  id 
brought  in  contact  with  air  in  motion,  it  passes  along  with  it  in 
fine  particles;  but  it  is  still  condensed,. liquid  water,  and  not 
steam ;  and  when  this  water  is  transformed  into  steam,  in  a  fur- 
nace, it  is  easily  understood  that  a  loss  of  heat,  both  in  degree  and 
quantity,  must  be  the  consequence,  as  in  all  cases  where  damp 
air  is  admitted  to  fuel  in  the  act  of  combustion,  because  Ac 
latent  heat  of  the  steam  cannot  be  recovered.  In  order  to  econo- 
mize fuel,  it  must  be  supphed  with  dry  air ;  therefore  it  is  of  the 
utmost  consequence  to  erect  blast  machines  in  dry  places ;  and, 
as  cold  air  always  contains  less  moisture  than  warm  air,  a  blast 
machine  should  be  located  in  the  coldest  part  of  a  building.  The 
vicinity  of  a  water-wheel,  steam-boiler,  or  a  leaking  steam  en^e, 
diminishes  the  effects  of  a  blast  machine,  because  the  air  around 
is  always  supersaturated  with  moisture.  When  such  engines  can- 
not be  removed  from  the  vicinity,  the  blast  machine  should  be 
separated  from  them  by  solid  wdls,  and  the  air  for  feeding  it 
drawn  from  some  quarter  whence  it  can  be  obtained  in  a  dry  state. 
Parts  of  Blast  Machines. — ^A  blast  machine  should  be  careftdly 
constructed,  in  order  to  obtain  the  best  results  from  it.  In  boring 
the  cylinder,  or  cylinders,  the  same  attention  is  required  as  for 
those  of  a  steam  engine ;  and,  because  a  wooden  cylinder  cannot 
be  made  exactly  true,  or  will  not  continue  so  after  it  has  been 
made,  iron  ones  are  in  all  cases  preferable.  Iron  cylinders  should 
be  cast  of  gray,  but  strong  iron ;  the  thickness  of  large  ones  is 
generally  from  one  inch  to  one  inch  and  a  half.  The  flanges  are 
to  be  turned,  as  well  as  that  part  of  the  heads  which  is  to  fit  to 
the  cylinder,  so  that  no  packing  or  cement  is  required.  The 
piston  is  generally  made  similar  to  that  of  a  steam  engine, 
which  is  without  doubt  the  best  form.  A  piston  is  represented 
in  fig.  192,  and  also  a  section  of  one ;  its  parts  are  screwed  firmly 
and  permanently  together,  and  well  turned;  two  steel,  brass, 
cast-iron,  or  antifriction  metal  rings,  are  laid  aroimd  it,  and 
between  these  and  the  cast-iron  body  of  the  piston,  hemp 
packing  is  driven  so  as  to  press  them  closely  to  the  blast  cylinder, 
There  is  generally  no  time  for  renewing  the  packing  of  blast  ma- 
chines oftener  than  once  or  twice  in  a  year ;  but  the  screws  A,  A, 
A,  are  inserted  at  one  side  of  the  piston-head,  which  drive 
a  wrought-iron  ring  upon  the  hemp  packing,  and  by  these  means 
tighten  the  metal  rings  whenever  it  is  necessary.    The  form  aud 
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position  of  the  ralvea  is  one  of  the  moat  important  points  con 
neoted  with  a  blast  machine.  The  dead  space  at  both  enda  should 
be  as  small  as  poarable,  for  air  being  elastic,  it  expands  when  the 
pressure  upon  it  is  released.  The  compressed 
air  ought  to  be  drivea  out  altogether  at  each 
•bxike,  therefore  the  piston  must  go  close  to 
the  cylinder  heads  without  touching.  All 
dead  space  ought  to  be  avoided  in  the  valve- 
boxes,  and  as  this  is  more  perfectly  accom-  ' 
pliahed  in  a  horizontal  than  in  a  vertical  cyl- 
inder, the  former  has,  in  this  respect,  a  deci- 
ded advantage  over  the  latter.  We  may  lo- 
cate the  yalves  horizontally  in  the  cylinder  I 
heads,  even  when  the  cylinders  are  vertical,  B 
as  has  been  shown  in  fig.  189,  but  the  weight  *■ 
of  the  valve  is  aa  objection  to  this ;  it  acta 
with  the  same  effect  aa  waste  room.  The 
vertical  valve  has  a  decided  advantage.  In  whatever  form  the 
valve  may  be  applied,  waste  room  ought  to  be  avoided.  This  is 
a  serious  objection  to  the  arrangement  in  fig,  189,  for  these  valves 
cause  much  dead  space.  Valves  should  be  as  light  as  possible; 
heavy  ones  cause  the  air  to  expand,  and  they  are  apt  to  reqnire 
Sequent  repairs.     The  wooden  valve  lined  with  leather  or  gat 


Tanized  india  rubber,  is  for  these  reasons  preferable  to  one  of 
metal.  In  order  to  diminish  the  bad  effects  arising  from  the 
Weight  of  valves,  their  number  may  be  increased;  this  affords  more 
space  passage  of  air  without  increase  of  weight.  The  other  parts 
of  the  machinery  are  too  well  known  by  our  mechanics,  to  re- 
quire particular  attention  from  us. 
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The  size  of  a  blowing  cylinder  depends  upon  the  yolmneiif 
air  which  is  wanted.  The  stroke  of  the  piston  is  generally  limit- 
ed by  parts  of  the  machinery  depending  on  the  localily  and  on 
the  moving  power ;  the  speed,  or  number  of  strokes,  is  alscsob- 
ject  to  considerations  of  economy  and  locality.  As  the  yeloci^ 
of  the  piston  is  diminished,  .the  power  lost  by  friction  is  reduoed, 
and  the  durability  of  the  machine  is  increased.  A  speed  of  8 
feet  per  second  is  considered  an  average  velocity.  In  some  cases 
the  piston  is  driven  4  and  even  5  feet  per  second ;  but  these  velo- 
cities are  too  great  for  a  blast  machine.  If  we  multiply  the  velo- 
city by  the  surfece  of  the  piston  in  feet,  we  obtain  the  quantity  of 
air  of  the  blast  per  second ;  but  as  blast  is  lost  by  leakage  and 
waste  room,  we  must  multiply  that  result  by  f  for  iron  cylinders, 
and  by  |  for  wooden  ones  j  in  the  latter  it  was  frequently  found 
to  be  but  half  of  that  found  by  calculation.  The  quantity  of  air 
necessary  in  the  consmnption  of  a  certain  quantity  of  fuel,  must 
be  in  proportion  to  the  fuel,  and  so  calculated  as  to  be  sufficient 
to  oxidize  it  to  the  highest  degree ;  to  this  quantity  thus  obtained 
an  addition  of  one-fourth  is  made,  or  in  other  cases  the  quanti^ 
must  be  doubled.  One  pound  of  carbon  requires  2|  pounds 
of  oxygen  to  form  carbonic  acid,  and  as  atmospheric  air  consists 
of  23*1  parts  of  oxigen  and  76*9  parts  of  nitrogen  and  other  sub- 
stances, it  follows  that  100  pounds  of  air  will  convert  8*1  pounds 
of  carbon  into  carbonic  acid,  in  case  all  the  oxygen  is  consumed. 
But  this  is  not  often  accomplished ;  therefore  6  pounds  may  be 
assumed  in  reverberatories,  which,  in  many  instances,  such  as  in 
reheating  and  roasting  furnaces,  is  reduced  to  5  and  even  4  pounds 
of  coal  to  100  pounds  of  air.  In  blast  furnaces  the  carbon  is  gen- 
erally oxidized  only  to  form  carbonic  oxide,  and  from  10  to  12 
pounds  of  it,  and  even  more,  are  consumed  by  100  pounds  of  air. 
Now,  when  we  consider  that  100  cubic  feet  of  air  weigh  about  8 
pounds,  or  100  pounds  assume  a  volume  of  1,200  cubic  feet,  we 
may  easily  calculate  the  quantity  of  air  required  for  consuming  a 
certain  quantity  of  fuel.  Wood,  turf  and  stonecoal,  contain  a 
certain  quantity  of  oxygen ;  this  of  course  must  be  subtracted  from 
the  quantity  of  atmospheric  air.  It  has  been  ascertained  at  blast 
furnaces,  that,  when  the  quantity  of  fuel  used  during  twelve 
hours  in  pounds  is  divided  by  5,  it  shows  the  number  of  cubic 
feet  of  air  required  in  one  minute.  Thus,  when  a  blast  furnace 
is  to  consume  twenty  charges  of  charcoal,  of  15  bushels  each,  dur- 
ing twelve  hours,  and  the  charcoal  weighs  20  pounds  per  busheli 
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thequantily  of  air  which  must  be  f\imi8hed  to  the  fiunace  in  each 

i.    ^      t.    •    J      .,.    15  +  20x20       ^^^      ,. 
minute,  of  atmosphenc  density,  is -= =  1200  cubic 

feet 

ReguluioTS  of  Blast — ^Piston  blowers  do  not  form  a  blast  of 
uniform  density ;  but  as  this  is,  in  most  cases,  of  the  utmost  im- 
portance, particularly  in  blast  furnaces,  r^ulators  are  attached  to' 
these  machines.  Regulators  consist  of  two  classes,  which  are  of 
constant  or  yariable  capacity;  the  latter  are  termed  wet  and 
dry  regulators.  We  object  utterly  to  all  wet  regulators,  for  the 
same  reasons  that  we  objected  to  wet  blast  machines  and  damp 
air.  A  regulator  of  yariable  capacity  has  been  shown  in  fig.  186 ; 
it  may  be  constructed  of  iron  or  of  wood ;  the  principle  in  either 
case  is  the  same.  These  regulators  are  not  perfect;  nor  do  they 
produce  such  uniform  density  as  is  generally  requited  at  blast 
furnaces.  Practice  has  shown  this  defect,  to  which  theory  points 
very  distinctly.  The  weight  of  the  movable  piston,  and  the  bal* 
ance  weight,  are  always  great  in  these  variable  regulators ;  and 
as  that  weight  is  constantly  kept  in  an  upward  and  downward 
motion  by  each  stroke  of  a  piston,  the  force  of  impact  must 
always  be  overcome  in  every  change  of  the  machine ;  this  of 
course  will  never  admit  of  a  uniform  density  in  the  blast  We 
are,  therefore,  reduced  to  the  dry  regulator,  with  constant  capa- 
city for  a  uniform  blast.  These  regulators,  which  are  mere  cham- 
bers, have  been  constructed  both  above  and  below  ground,  and 
of  stone,  wood,  or  iron ;  and  in  a  cubical,  oblong,  globidar,  and 
cylindrical  form.  At  present  this  subject  is  so  &r  settled  that 
sheet-iron  right  cylinders,  of  from  4  to  8  feet  in  diameter,  and  from 
16  feet  to  40  feet  in  length,  are  generally  adopted  to  the  most 
suitable  and  best  forms.  The  thickness  of  the  sheet-iron  is  not 
often  more  than  \  of  an  inch,  frequently  less;  the  heads  are 
formed  of  cas^i^on,  or  of  sheet-iron  and  stiffened  by  wood  and 
iron  screws.  This  chamber,  or  regulator,  is  provided  with  a 
safety-valve,  to  insure  it  against  bursting  from  excessive  pressure. 
The  blast  is  introduced  at  one  end,  and  tapped  at  the  same  or 
the  opposite  end.  The  equalization  of  the  blast  is  produced  by 
the  elasticity  of  the  air.  It  is  easily  understood,  that  in  a  large 
chamber  the  pulsations  of  the  blast  machine  are  not  so  strong  as 
in  a  small  one,  but  the  size  must  be  limited  for  reasons  of  econo- 
my. As  a  general  rule,  it  is  established  that  the  capacity  of  this 
r^dator  should  be  from  10  to  18  times  that  of  one  of  the  blast 


410  HBTALLUBGY. 

cylinders ;  but  harm  ensues  if  it  is  larger.  For  charcoal  fiunflces 
it  should  have  a  capacity  at  least  20  or  25  times  that  of  the  cyl* 
inder;  it  may  be  smaller  for  anthracite  and  coke  furnaces. 

Necessity  of  Uniform  Density. — This  subject  deserves  more  at- 
tention than  is  generally  bestowed  upon  it.  In  former  pages  "nre 
have  endeavored  to  explain  the  manner  in  which  flame  may  be 
produced  fix)m  fuel  that  is  without  flame,  by  dividing  it  by  strong 
draught  or  blast  The  dense  air  has  a  twofold  action  upon  fUel ; 
first,  chemical,  by  bringing  the  particles  of  air  and  fuel  into  close, 
quick  contact,  and  causing  a  rapid  imion  of  the  two ;  and  second, 
mechanical  action,  in  driving  a  large  quantity  of  heat  through  a 
limited  space.  In  smelting  ore  in  a  blast  furnace,  it  is  necessary 
to  consume  the  oxygen  of  the  air  as  quickly  as  possible ;  but  as 
the  ore  consists  of  oxygen  and  metal,  the  carbon  of  the  carbonic 
oxide  would  be  soon  consumed,  and  the  operation  reduced  to  a 
comparatively  small  space,  so  that  all  the  reducing  of  ore  would 
be  performed  near  the  tuyere.  This  is  actually  the  case  when 
the  blast  is  too  weak  for  the  fuel.  Ores  which  are  easily  reduced, 
such  as  lead,  copper,  and  bog  ores  for  iron,  may  be  smelted  on 
this  principle  quite  advantageously ;  but  it  is  not  so  with  refrac- 
tory iron  ores.  In  order  to  raise  or  increase  the  space  in  which 
reduction  is  performed,  we  introduce  a  blast  of  more  or  less  den- 
sity, according  to  the  refractory  character  of  the  fuel.  The  velo- 
city imparted  to  the  particles  of  air,  causes  small  particles  of  fuel 
to  separate  from  the  larger  masses,  and  thus  supply  the  higher 
parts  of  the  hearth  or  crucible  in  a  furnace  with  very  combusti- 
ble hot  carbon,  which  may  unite  with  the  oxygen  liberated  from. 
the  ore,  and  make  up  the  deficiency  which  cannot  be  furnished  by 
coarse  fuel,  because  the  latter  is  too  cold  and  not  in  so  close  con- 
tact as  is  required  for  a  lively  combustion.  Thus,  carbonic  oxide 
is  supplied  for  reduction  through  a  high  column  of  oxidized  ore, 
and  in  the  mean  time  a  lively  combustion  is  produced  which 
affords  the  necessary  degree  of  heat  for  deoxidation.  Hence,  it 
is  evident  that  soft  fuel  cannot  bear  so  much  pressure  of  blast  as 
hard,  and  the  density  must  be  necessarily  limited  to  the  degree 
of  hardness  of  the  coal.  The  size  of  the  particles  of  carbon  jthns 
torn  loose  and  carried  through  the  ore  must  also  be  limited,  and 
the  smaller  they  are  so  much  the  better  is  their  effect.  Large 
particles  will  settle  in  the  wide  parts  of  the  furnace,  and  obstruct 
the  free  passage  of  the  hot  gases.  We  find,  therefore,  in  using 
too  strong  blast,  that  a  furnace  can  be  choked  by  coal  dust    Thus, 
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if  a  oertein  density  is  required  for  a  certain  kind  of  fuel,  it  fol- 
lows, that  that  density  ought  to  be  unifbrm.  If  the  pressure  is 
less  than  that  suitable  for  the  coal,  it  will  not  produce  the  desir- 
able effect ;  and  in  case  heavy  particles  of  coal  are  in  motion,  their 
motion  or  velocity  must  relax,  and  they  be  deposited.  If 
the  oscillations  of  the  blast  are  too  strong  at  the  time  when  the 
densest  air  passes  into  the  furnace,  the  particles  of  coal  which  are 
separated  by  it  at  the  tuyere  cannot  move  on,  because  the  suc- 
ceeding relaxation  of  pressure  causes  them  to  settle.  The  effects 
of  an  oscillating  blast  are  similar  to  those  of  too  strong  a  blast 
It  is  therefore  more  advantageous  to  relax  the  excessive  densily 
by  a  valve,  in  case  it  cannot  be  equalized  by  a  regulator,  than  to 
bring  it  into  the  furnace ;  for  nothing  is  more  injurious  to  the 
smelting  operations  than  dust  deposited  in  the  wide,  or  any  other, 
part  of  the  furnace. 

Pipes  and  Nozzles, — The  air  condensed  in  blast  machines  is 
conducted  in  pipes  to  those  parts  of  the  smelt  works  where  it  is 
required.  The  material  of  which  pipes  are  made  is  tin-plate,  cop- 
per, sheet-iron,  cast-iron,  or  wood.  Wooden  pipes  are  generally 
square  channels,  and  cannot  be  used  where  a  dense  blast  is  to  be 
conducted.  Tin-plate  pipe  is  most  frequently  used  for  centrifugal 
blowers  and  those  machines  where  the  pressure  is  not  carried  be- 
yond }  of  a  pound.  Sheet-iron,  or  cast-iron  pipes,  are  employed 
for  blasts  of  higher  densities.  These  pipes  are  frequently  laid  be- 
low ground,  which  is  the  best  place,  provided  they  are  accessible 
at  any  time,  and  are  deposited  in  channels  with  walls  of  stone,  so 
as  not  to  be  injured  by  the  pressure  of  earth.  As  long  pipes  suf- 
fer a  considerable  extension  and  contraction,  in  consequence  of 
the  changes  of  atmospheric  heat,  they  should  be  bedded  upon 
iron  or  wooden  rollers,  and  provided 
oocasionally  with  a  knee,  which  admits  ^**  ^^* 

of  their  motion.  When  the  straight 
lengths  are  so  great  t]aat  there  appears 
to  be  danger  that  the  pipe  will  break,  a 
compensation-joint  is  inserted ;  this  fre- 
quei^tly  consists  of  an  end  of  a  pipe 
movable  in  a  stuffing  box.  The  plan 
represented  in  fig.  194  is  preferable  to 
it  This  is  a  compensation-joint,  consisting  of  two  round  dishes 
of  shee^iron,  or  copper,  20  or  80  inches  in  diameter,  according 
to  the  size  of  the  pipe,  riveted  air-tight  at  their  periphery,  and 
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screwed  to  the  two  flanges  of  joining  pipes.  The  sheet-iroa  mfty 
be  £rom  |  to  fV  of  an  inch  thick.  The  large  diameter  and  flezi* 
bility  of  the  sheet-iron  allow  the  two  pipes  which  are  joined  to 
it  to  move  longitudinally,  independent  of  each  other. 

The  capacity,  or  diameter  of  the  pipes,  is  as  the  square  rodt  oif 
the  quantity  of  air  which  is  to  pass  through  them.  A  pipe  6f 
10  inches  in  diameter,  and  which  is  smooth  inside,  is  considered 
sufficient  for  conducting  1000  cubic  feet  of  air  per  minute.  A 
pipe,  therefore,  which  is  to  conduct  4000  feet  per  minute  must 
have  a  diameter  of  20  inches.  The  laws  which  regulate  thia-sub* 
ject  are  somewhat  complicated;  but  we  may  assert  that  a  blast 
pipe  is  n^ver  too  wide ;  and  if  considerations  of  economy  do  not 
determine  the  limit  of  the  diameter  of  a  pipe,  the  higher  expeiiBes 
incurred  in  a  wide  one  are  quickly  repaid  by  better  work  in  the 
furnaces,  and  by  the  saving  of  the  power  which  drives  the  Uast 
jtiachine.  Flexures,  or  knees,  should  be  avoided  by  all  means  in 
air-conducting  pipes.  K  these  cannot  be  dispensed  with,  the 
curves  should  be  gentle,  and  the  pipe  wider  at  such  plaoea. 
Where  a  blast  is  conducted  from  a  main,  or  where  the  main  is  divi- 
ded into  branches,  each  branch  should  be  provided  with  a  valve, 
so  that  the  communication  can  be  stopped  at  any  time  when  it  is 
required.  Complicated  valves  are  of  no  use.  A  simple  thrundle- 
valve,  such  as  is  represented  in  fig.  195,  is  in  all  cases  sufficient 
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for  the  purpose.  The  winch  should  be  parallel  with  ihe  pipe 
when  the  valve  is  open,  and  cross  it  when  shut.  In  some  cases, 
particularly  in  forges,  the  valve  handle  is  provided  with  an  index 
which  marks  the  degree  of  opening  in  the  valve,  and  by  this 
means  the  quantity  of  the  blast  which  passes  is  regulated. 

Nozzles  are  the  mouth-pieces  of  the  pipes,  which  lead  the 
blast  into  the  furnace ;  these  are  tapered  or  conical  tubes  of  10 
or  15  inches  in  length,  and  from  1  inch  to  5  inches  in  widthi 
The  diameter  varies  according  to  the  quantity  of  air  which  is  to 
pass  it  The  form  of  these  nozzles  is  of  some  consequence  to  the 
smelting  operations,  as  well  as  to  the  power  which  drives  the  blast 
machine.    A  nozzle  which  is  much  tapered,  such  as  is  represented 
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ill  fig.  196,  spreads  t^e  air  as  doon  as  it  passes  the  point  of  great- 
est contraction,  which  is  in  that  place  where  the  sides  of  the 
nozzle,  if  extended,  would  cut  each  other.  A  nozzle  of  this  kind 
does  not  hold  the  blast  together;  and  is  not  adapted  to  work  well 
in  blast  furnaces,  where  the  full  pressure  of  the  blast  should  reach 
as  far  as  possible  into  the  fuel.  When  we  reflect  on  the  neces- 
sity of  destroying  some  of  the  fuel  mechanically,  as  we  have  ex- 

Pio.  196.  Fio.  W. 


plained  before,  we  easily  comprehend  the  importance  of  the  fonUi 
or  taper,  of  the  nozzle.  A  cylindrical  mouth-piece  will  carry  the 
full  pressure  of  the  blast  fiurther  than  a  nozzle  of  any  other  form ; 
but  it  is  not  necessary,  in  order  to  obtain  this  result,  to  make  the 
whole  length  of  the  nozzle  cylindrical.  It  is  suflScient  when  the 
cylindrical  part  of  the  pipe  is  as  long  as  the  extreme  or  smallest 
diameter.  A  form  of  nozzle,  such  as  is  represented  in  fig.  197, 
will  fiimish  a  perfectly  cylindrical  current  of  blast.  Generally, 
the  extremity  of  the  nozzle,  of  the  length  of  its  smallest  diameter, 
determines  the  form  of  the  current  of  air ;  all  the  other  parts  of 
the  pipe  may  be  wide  or  narrow,  or  tapered,  without  any  influence 
on  it ;  and  as  narrow  pipes  cause  much  friction,  we  easily  per- 
ceive that  long  nozzles  cannot  be  of  any  use.  The  advantages 
which  some  smelters  and  forgemen  profess  to  find  in  a  particidar 
length  of  nozzle,  exist  only  in  fancy.  But  the  form  or  taper  of 
the  mouth  is  certainly  of  great  influence  in  all  metallurgical  oper- 
ations. Fixed  rules  for  the  taper  of  nozzles  and  tuyeres  cannot 
be  established.  There  are  so  many  conditions  bearing  upon  this 
form,  that  it  will  be  always  a  practical  question ;  but  we  will  re- 
fer to  the  most  striking  points  which  have  an  influence  in  the 
case.  Hard  coal  requires  a  more  cylindrical  nozzle  than  sofk 
coal,  because  more  pressure  is  needed  to  destroy  it,  and  a  com- 
pact current  augments  the  effect  of  pressure.  A  blast  furnace 
witk  a  wide  hearth,  requires  a  more  cylindrical  form  of  mouth- 
piece than  a  narrow  hearth,  for  the  undeoomposed  air  ought  to 
reach  farther  into  it    For  refractory  ores  the  nozzle  should  have 
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less  taper  than  for  ores  which  melt  readily;  and  blast  fbnuMM 
which  are  required  to  fiimish  a  large  quantity  of  metal,  should 
have  cylindrical  nozzles.  Soft  coal  ores  which  are  easily  melted, 
and  those  which  cannot  bear  much  heat,  or  whose  metals  tett 
volatile,  forge  fires,  bloomery  fires,  and  all  fires  which  perfoni 
oxydizing  operations,  work  to  advantage  with  tapered  nozzles: 
The  interior  of  the  extreme  part  of  the  nozzle  ought  to  be  poir 
ished  smooth,  so  as  to  form  a  smooth  current  of  air,  and  occaaioa 
as  little  firiction  as  possible. 

The  quantity  of  air  which  passes  through  a  nozzle  dependi 
very  much  on  its  taper,  its  length,  and  its  smoothness :  laws  sim- 
ilar to  those  which  regulate  the  efflux  of  water,  regulate  the  efflux 
of  air.  K  we  assume  a  taper  of  12  degrees,  and  a  length  of  &e 
nozzle  not  much  greater  than  the  diameter  of  the  aperture,  with 
a  smooth  inside,  then  the  following  table  indicates  nearly  the 
quantity  of  blast  which  passes  through  the  annexed  aperture : 


PiMKin  of  BiMt. 

Quantity  in  cubic  feet  for  1  inch 
diameter,  per  minute. 

W.i|btb|»n 
minuM. 

J  oz.  avoirdupois 

18-54 

1-48 

1 

l( 

26-20 

2-02 

2 

(C 

86-97 

2-86 

4 

(( 

52-07 

4-07 

6 

« 

63-51 

5 

8 

(C 

73-04 

5-80 

10 

u 

81-83 

6-51 

12 

It 

88-74 

7-16 

14 

u 

95-47 

7-76 

1    pound 

101-66 

8-88 

11      " 

112-78 

9-38 

H    " 

122-61 

10-36 

If   " 

131-44 

11-27 

2       « 

189-48 

12-14 

2i     " 

153-70 

13-77 

8       « 

166-01 

15-30 

81     « 

176-88 

16-75 

4       " 

186-58 

18-16 

4i      " 

195-35 

19-50 

6       " 

203-32 

20-82 

Having  ascertained  the  actual  pressure  of  the  blast  by  the 
manometer,  and  measured  the  diameter  of  the  circular  nozzle,  the 
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first  column  of  the  table  is  resorted  to  for  pressure,  and  the  sec- 
ond and  third  for  quantity ;  and  as  the  areas  of  circles  are  as  the 
squares  of  their  diameters,  the  quantity  of  the  air  which  passes 
must  be  as  these  squares.  Thus,  if  the  pressure  is  8  oz.,  or  |  lb., 
the  quantity  which  passes  through  1  inch  is  63*61  cubic  feet ;  if 
the  nozzle  is  1|  inch  in  diameter,  the  quantity  will  be  1*6*  X 
63*61  =  142*89  cubic  feet ;  if  the  nozzle  is  1|  inches,  the  quan- 
tity is  1*75«  X  63*51 ;  and  if  2  inches  in  diameter  -  2*  X  63*61. 
We  do  not  say  that  this  is  exactly  the  quantity  which  passes  an 
aperture  of  that  size,  but  it  approximates  it. 

Tuyeres, — These  are  substitutes  for  nozzles,  and  so  far  as  re- 
lates to  the  quantity  of  air  and  the  form  of  current,  the  same  re- 
marks which  have  been  made  above,  respecting  nozzles,  are  ap- 
plicable to  them.  In  fact,  the  tuyere  is  but  an  interrupted  pro- 
longation of  the  blast  pipe,  a  mouth-piece  which  is  not  directly 
connected  with  the  pipe.  The  necessity  of  giving  the  current  of 
blast  a  varied  direction  in  many  smelting  operations,  and  at  forges 
and  bloomery  fires,  and  of  removing  concretions  at  the  point  of 
contact  between  the  air  and  fiiel,  and  the  fact  that  mouth-pieces 
are  firequently  burned  and  must  be  changed,  make  it  important 
to  separate  the  termination  of  the  blast  pipe  fi-om  its  main  body. 
The  form  of  these  tuyeres  is  varied  according  to  the  fiimace,  fiiel, 
ore,  pressure,  and  some  other  conditions ;  thus  each  case  depends 
upon  its  own  circumstances,  and  is  entirely  subject  to  the  experi- 
enced views  of  the  operator.  The  shape,  material,  and  position 
of  the  tuyere  are  of  vast  importance  in  all  metallurgical  opera- 
tions; they  require  the  closest  attention  of  the  practical  man.  In 
some  cases,  such  as  at  cupolos,  no  tuyere  is  used,  the  nozzle  is 
pointed  directly  into  the  fuel.  In  others,  the  aperture  in  the 
hearth-stones  of  a  smelting  furnace,  is  lined  with  silicious  fire- 
clay, which  has  been  made  tenacious  by  mixing  or  kneading,  and 
the  shape,  direction,  and  size  of  the  tuyere  is  given  by  the  smelter, 
according  to  his  own  judgment  The  clay  tuyere  has  its  advan- 
tages ;  it  works  very  hot,  and  may  be  altered  at  any  time  to  suit 
circumstances ;  it  is  good  for  experimenting,  but  it  should  not  be 
used  in  a  well-regulated  furnace,  for  it  is  too  liable  to  changes, 
and  consequently  causes  fluctuations  in  the  interior  of  the  fur- 
nace. Permanent  tuyeres  are  fi^quently  composed  of  gray  cast- 
iron  ;  white  cast-iron  and  wrought-iron  do  not  endure,  because 
the  heat  and  oxygen,  in  the  presence  of  the  silicious  matter  firom 
the  hearth  and  ore,  soon  destroy  it.    These  iron  tuyeres  require 
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frequent  renewal,  and  are  in  no  respect  superior  to  those  of^eUy 
in  smelting  operations ;  in  forges,  their  use  is  not  so  objectionable. 
The  only  practicall j  good  tuyeres  are  the  copper  tuyere  and 
the  water  tuyere ;  the  former  is  used  exclusively  with  cold  blast, 
and  the  latter  with  either  cold  or  hot  blast  A  cof^r  tuyere  has 
in  some  cases  its  particular  advantages ;  it  works  hotter  than  a 
water  tuyere,  and  may  be  easily  moved  so  as  to  make  it  smtable  to 
the  varied  conditions  in  smelting  operations.  The  form  of  a  tuyere 
is  sometimes  round,  like  the  nozzle,  but  in  many  instances  one  half 
of  it  is  flattened,  so  that  it  assumes  the  form  of  a  capital  D  placed 
horizontally,  thus,  P .  This  form  is  given  to  admit  the  moving 
of  the  nozzle  on  its  flat  or  under  part.  Such  a  tuyere  and  noz- 
zle are  represented  in  fig.  198.  The  tuyere  is  generally  thidcer  at 
its  narrow  part  than  at  the  wider  portion.  The  thickness  at  thd 
mouth  is  generally  from  ^  an  inch  to  J  of  an  inch,  and  \  to  ^  of 
an  inch  at  the  wide  part.  The  nozzle,  as  represented,  is  joined 
to  the  blast  pipe  by  a  leather  bag,  or  hose,  so  as  to  be  movable 
on  the  flat  bottom  of  the  tuyere,  and  be  directed  as  the  smeltei' 
chooses;  this  is  particularly  necessary  in  bloomery  and  forge 
fires ;  and  in  iron  smelt  furnaces  where  a  particular  kind  of  cast- 
iron  is  to  be  made.  The  direction  of  the  nozzle  must  always  be 
such  that  the  tuyere  may  absorb  all  the  blast  which  is  frimish^d 
by  it.  For  cold  blast,  copper  tuyeres  are  sufficiently  durable ; 
the  silicate  of  copper  which  may  be  formed  is  not  very  frisible, 
and  as  copper  is  an  extremely  good  conductor,  it  will  resist  for 
a  long  time  the  strongest  heat  of  a  smelting  furnace,  provided  the 
tuyere  is  not  too  wide  to  be  cooled  by  the  blast.  A  narrow  cop- 
per tuyere  may  last  six  months  and  longer,  in  a  smelting  frimace. 

Fia.  198.  Fio.  199. 


For  hot  blast  or  cold  blast  in  forges,  neither  of  the  above- 
mentioned  tuyeres  is  suitable.  Whatever  may  be  the  material 
of  which  a  water  tuyere  is  composed,  it  is  made  hollow,  to  admit 
of  the  fi'ee  circulation  of  a  current  of  cold  water.  In  fig.  199,  a 
round  water  tuyere  is  shown,  such  as  is  commonly  used  in  iron 
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fomaces.  The  body  of  it  ia  hollow,  and  either  cast  in  one  piece, 
or  if  in  eereral,  they  are  hveted,  or  soldered,  or  welded  together. 
The  month  of  the  injection  pipe  for  the  water  ought  to  pass  near 
to  the  narrow  part  of  the  tuyere,  where  the  heat  is  greatest,  and 
thua  furnish  cold  water  where  it  is  moat  needed :  this  pipe  enters 
at  the  lowest  part  of  the  tuyere,  and  the  heated  water  flows  off  at 
the  highest  point  For  forges,  and  run-ont  fires,  the  tnyere  is 
genwally  provided  with  a  fiat  bottom,  which  is  aohd ;  Uie  water 
is  admitted  only  in  the  upper,  or  circular  part  of  it.  In  practice, 
we  find  tuyeres  of  a  great  variety  of  forms,  all  calculated  to  impart 
durability,  because  these  instruments  are  expennye,  and  sufiier  a 
great  deal  fi^im  heat  Water  tuyeres  are  generally  made  of  iron ; 
but  the  remarks  respecting  their  use  for  cold  blast,  are  equally 
applicable  here.  The  copper  tuyere  is  the  cheapest  and  moet 
duisble. 

In  working  hot  blast,  the  nozzle  ia  generally  fitted  closely 
into  the  tuyere  which  thus  forms  both  nozzle  and  tuyere.  This 
interferes  with  the  cleansing  of  that  part  of  the  aperture  which  is 
dose  to  the  fuel ;  but,  as  this  is  necessary  to  be  done,  the  follow 
ing  method  is  resorted  to,  in  order  to  remove  those  cold  slaga,  and 
lumps  of  ore  which  may  happen  to  settle  at  the  place  of  the  cold 
metal    It  is  shown  in  fig.  200.    The  blast  pipe  fbrms  a  knee  as 


\J^ 


near  to  the  tuyere  as  possible ;  and  in  this  angle  there  is  a  hole  of 
about  1  inch  round,  usually  closed  by  an  iron  stopper  fastened  to 
a  small  chain.  A  round  iron  rod,  of  J  inch  iron.  A,  long  enough 
to  reach  into  the  furnace,  is  passed  through  the  hole,  and  any 
clinkers  which  may  have  gathered  at  the  point  where  the  blast 
enters,  are  removed,  by  pushing  them  into  the  furnace.  In  this 
case,  there  cannot  be  a  movable  nozzle,  nor  would  one  be  of  any 
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MarwmeteT. — ^This  instrument,  wliicli  is  represented  in  fig,  201, 
consists  simply  of  a  glass  tube,  of  |  or  |  inch  bore,  bent  in  the 
form  represented.  The  long  leg  may  be  10  or  12  inches  in  length, 
and  open  at  the  top ;  the  short  part  is  about  6  inches  in  length. 
This  is  bent  so  as  to  be  fitted  by  means  of  a  cork  stopper  to  the 
blast  pipe  A.  In  the  angular  lower  part,  is  mercury  to  the  height 
of  a  few  inches,  which  prevents  the  passage  of  the  dense  air  fix)m 
A,  through  the  tube.  But,  as  the  mercury  is  fluid,  and  movable, 
the  blast  will  drive  it  up  into  the  long  part  of  the  tube ;  and  the 
height  to  which  it  will  rise  indicates  the  density  of  the  blast 
Each  inch  in  height  which  the  quicksilver  rises,  is  equal  to  one 
pound  of  pressure  to  the  square  inch ;  and  if  we  fasten  a  aoale, 
which  may  be  made  of  strong  paper,  or  Bristol  board,  to  the  glass 
tube  and  divide  it  into  inches,  commencing  at  the  surface  of  the 
mercury  when  at  rest  in  the  long  leg,  we  obtain  at  once  on  the 
scale  the  pressure  in  pounds,  and  parts  of  a  pound.  One  inch  of 
quicksilver  in  the  barometer  is  equal  to  half  a  pound  of  pressure ; 
but,  as  the  mercury  sinks  in  the  short  branch,  equally  as  much  as 
it  rises  in  the  long  one,  the  measure  pointed  out  in  the  latter  must 
be  multiplied  by  2,  which  makes  every  inch  equal  to  one  |l^und. 

In  using  this  instrument  for  measuring  the  density  of  bSSpist,  it 
should  be  put  as  close  to  the  nozzle  as  possible.  And  as  hot  air 
will  destroy  a  correct  measurement,  it  is  sufficiently  cooled  before 
it  touches  the  mercury  by  interposing  an  iron  or  metal  tilbe,  of 
a  couple  of  feet  in  length,  between  the  blast  pipe  and  the  mano- 
meter. In  applying  the  densities  formed  for  hot  blast,  to  tlie  cal- 
culations of  the  quantity  of  air,  as  contained  in  the  last  talde,  the 
necessary  corrections  for  temperature  must  be  made ;  and,  since 
gases  expand  for  each  degree  of  heat  ^j^,  the  results  obtained  by 
using  the  table,  assuming  that  it  is  calculated  for  32^,  must  be 
multiplied  by  this  nimiber. 

Hot  Blast, — When  air  is  heated  before  coming  in  contact  with 
fuel,  it  will  cause  a  saving  of  the  fuel,  in  the  same  proportion  that 
its  own  temperature  bears  to  that  which  is  generated  by  its  com- 
bustion ;  but  as  the  quantity  of  heat  thus  gained  is  extremely 
limited,  and  as  the  apparatus  for  heating  air  is  expensive  and 
troublesome,  hot  air  or  hot  blast  is  not  much  used  in  the  common 
operations.  It  has,  however,  a  quality  which  makes  it  desirable 
in  smelting  operations,  particularly  of  refractory  ores.  It  combines 
with  carbon  with  greater  facility  than  cold  air,  and  forms  carbonic 
oxide  in  a  shorter  time.    And,  since  the  most  perfect  neutraliza- 
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'  tion  of  oxygen,  ia  of  great  importance  in  reducing  metallic  am, 
the  use  of  hot  hlast  afibrda  advantages  of  an  economical  kind, 
which  amount  in  some  cases  to  considerable  gain.  We  shall  not 
dwell  here  on  the  consideration  either  in  flaTor  of  or  against  the 
uae  of  hot  blast,  bnt  postpone  their  notice  to  the  next  part  of  this 
book,  merely  pointing  out  here  the  means  by  which  hot  blast  is 
obtuned. 

The  apparatus  by  which  air  is  heated,  has  been  varioasly 
altered  since  its  first  introduction  to  aid  smelting  operations. 
Blast  has  been  heated  in  horizontal  cast-iron  pipes,  but  these  were 
not  found  to  be  durable ;  nor  do  vertical  pipes  secure  the  desired 
effect.  We  shall  not  allude  to  the  innumerable  varieties  of  other 
forms,  OB  they  are  not  worthy  of  attention.  The  subject  at  pre- 
sent is  so  for  settled,  that  inclined  pipes  with  a  vertical  draught 
of  the-  fire  by  which  they  are  heated,  are  regarded  as  the  most  ap- 
proved form  for  a  hot  blast  apparatua    Fig.  202  shows  the  verti- 


cal section  of  the  f\irnace,  with  its  pipes  of  cast-iron.  The  length 
and  number  of  the  pipes  vary  according  to  the  quantity  of  air 
to  be  heated.  The  two  horizontal  pipes,  A  B,  are  generally  from 
12  to  18  inches  in  diameter ;  round,  oval,  or  constituting  half  a  cir- 
cle in  form.  The  length  of  the  upright  pipes  varies  from  4  to  10 
feet  in  length,  and  frxim  4  to  6  inches  in  diameter,  according  to 
the  size  of  apparatua.  In  fig.  203  is  a  transverse  vertical  section 
of  the  same  stove.    We  observe  here  the  position  of  the  pipes  A 
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and  B,  into  one  of  which  the  cold  air  is  conducted,  while  the  other 
conducts  the  hot  air  to  the  Aimace.  The  angle  at  which  the  up- 
right pipes  meet  is  arbitrary ;  still  it  should  not  be  too  obtuse  nor 
too  flat,  for  they  sometimes  are  heated  red  hot,  and  then  are 
liable  to  bend,  or  even  to  break.  In  the  vertical  position,  such 
accidents  are  prevented,  but  more  fuel  is  required  to  heat  them. 
Tte  horizontal  pipes  A  and  B  are  walled  in  for  their  entire  length, 
to  prevent  injury  to  them  by' heat. 

As  we  have  already  remarked,  the  size  of  the  apparatus  de- 
pends on  various  circumstances ;  it  is  not,  therefore,  possible  to 
establish  a  rule  for  the  number  or  the  size  of  the  pipe,  He 
total  sur&oe  of  the  heating  pipe,  that  is,  the  vertical  pipes  with 
their  semicircular  caps,  is  in  proportion  to  the  quantity  of  air  and 
the  degree  to  which  it  is  to  be  heated.  It  has  been  ascertained 
that  100  square  feet  of  surface  will  heat  1,000  cubic  feet  of  air  to 
800®  per  minute ;  but  for  twice  that  degree  of  heat  more  than 
twice  the  extent  of  surface  is  required.  At  the  top  of  a  blast  fur- 
nace, where  blast  is  heated  by  the  waste  heat,  a  greater  surface  is 
required,  because  that  flame  is  not  so  hot  as  one  generated  directly 
from  fuel :  and  it  likewise  carries  solid  matter  which  settles  on  the 
pipes  and  thus  causes  a  loss  of  heat.  An  apparatus  should  have 
ample  size,  if  waste  heat  is  employed  to  heat  it.  Where  solid 
fuel  is  used,  the  fire  may  be  urged  if  necessary,  and  more  or  less 
heat  conducted  to  the  pipes,  as  circumstances  require. 

In  general  we  may  remark,  that  all  hot  blast  apparatus  must 
be  so  arranged,  as  to  admit  either  hot  or  cold  blast  to  be  used  at 
the  furnace.  The  hot  air  apparatus  should  be  as  near  the  tuyere 
as  possible ;  partly  because  heat  is  lost  by  radiation,  but  chiefly 
because  the  hot  air  causes  more  friction  in  the  pipes  than  the  cold 
air.  The  pipes  should  not  be  too  large  in  diameter,  and  the  flame 
so  directed,  that  it  meets  the  pipe  under  an  obtuse  angle  with  its 
axis.  The  pipes  must  be  accessible  from  the  exterior  of  the  stove 
to  admit  the  removal  of  ashes  which  may  adhere  to  them.  The 
joints,  which  are  faucet  or  spigot  joints,  muffs,  must  be  well  se- 
cured by  good  cement,  which  causes  them  to  be  air-tight,  and  re- 
sists heat  Iron  cement  may  be  composed  of  5  parts  iron  borings, 
and  1  part  fine  clay,  moistened  by  vinegar ;  or,  60  parts  of  bor- 
ings, 1  part  sal  ammonia,  and  6  parts  clay,  the  whole  moistened  by 
water.  To  this  mixture,  sulphur  is  sometimes  added,  which  is  of 
no  use,  and  should  not  be  in  excess  in  any  case.    Whatever  may 
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be  the  kind  of  cement  used,  the  pipes  should  not  be  heated  until 
it  is  thoroughly  oxidized. 

Blast  Machines. — These  investigations  must  have  rendered  it 
apparent  what  kind  of  blast  machines  are  to  be  selected  for  any 
particular  smelting  operation.  The  first  question  to  be  settled, 
is,  How  much  blast  and  what  degree  of  pressure  is  required  ? 
When  it  exceeds  |  of  a  pound,  iron  cylinder  bellows  must  be  used. 
A  wooden  cylinder  machine  may  serve  for  |  of  a  pound  pressure 
and  less.  When  less  than  \  a  pound  will  answer,  no  machine 
furnishes  a  better  blast  than  the  centrifugal  blower.  The  quan- 
tity of  blast  made  per  second  is  found  by  multiplying  the  velo- 
city by  the  surfisice  of  the  piston  in  feet,  and  this  result  by  |, 
or  I,  according  to  the  kind  of  machine.  Considerations  of  econo* 
my  here  are  in  the  wrong  place.  We  may  save  anywhere  else,  but 
not  at  the  blast  machine.  A  water  regulator,  or  a  machine  where 
air  can  possibly  be  moistened,  must  always  be  rejected  in  any 
smelting  operation,  where  oxides  are  to  be  reduced.  These  ma- 
chines are  never  useful  anywhere. 

It  would  lead  us  too  far,  and  extend  this  treatise  to  an  imreb- 
sonable  length,  if  we  should  allude,  in  this  general  description,  to 
particular  niceties  in  metallurgical  operations,  even  if  suoh  are  of 
a  general  application.  In  the  third  part,  we  shall  mention  such 
particulars  as  they  occur. 


PART    THIRD. 


PARTICULAR  METALLURGICAL  OPERATIONS. 


CHAPTER   I. 

What  are  Metals  f — Chemists  denominate  as  metals  those  sub- 
stances which  are  combustible,  that  is,  which  liberate  heat  in 
combining  with  other  matter :  they  assert  that  metals  are  good 
conductors  of  heat  and  electricity,  and  may  be  polished;  are 
fusible  and  opaque ;  heavy,  malleable,  and  ductile,  &c.  These 
are  all  vague  definitions;  for  not  one  of  the  metals  answers 
perfectly  to  this  description.  Gold  may  come  most  completely 
within  its  compass,  but  if  it  possesses  all  the  other  particulars,  it 
oertainly  is  not  combustible  in  the  common  sense  of  the  term ; 
while  potassium,  an  equally  beautiful  type  of  metal,  is  extremely 
combustible  and  not  heavy.  We  really  do  not  see  any  reason 
why  all  solid  substances  which  are  not  oxidized  should  not  range 
with  this  class  of  matter.  There  cannot  be  any  objection  to  call* 
ing  carbon  a  metal ;  and  we  do  not  see  why  sulphur  is  less  a  me* 
tal  than  selenium  or  arsenic ;  why  phosphorus  is  not  denomina- 
ted a  metal  as  well  as  calcium ;  both  are  almost  equally  combus- 
tible, and  if  phosphorus  has  no  metallic  lustre,  that  is  merely  in- 
dicative that  it  is  not  condensed  into  so  narrow  a  space  as  calcium* 
Phosphorus  is  more  volatile  than  most  of  the  other  metals ;  but  no 
metal  is  as  permanent  as  carbon,  and  still  the  latter  is  not  recog- 
nized as  a  metal  We  do  not  see  the  slightest  objection  to  calling 
hydrogen  a  metal ;  it  possesses  almost  all  the  properties  belonging 
to  metals.  But  when  matter,  gaseous  or  fluid  at  common  tem- 
peratures, is  excluded,  there  cannot  be  any  objection  to  calling  all 
solid  elementary  substances  metals.  Silicon  so  much  resembles 
a  metal  in  all  its  properties,  that  its  exclusion  cannot  be  justified, 
and  most  philosophers  range  it  with  the  metals.  It  is  very  much 
questioned  whether  metal  sare  not  compound  matter ;  but  as  this 
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point  does  not  interest  us,  we  aUude  to  it  merely  in  sapport  of  the 
above  pretensions. 

In  order  that  we  may  not  appear  arbitrary  in  our  classification^ 
we  submit  to  the  usual  one,  and  exclude  fix)m  our  investigationB 
aU  matter  which  is  not  considered  a  metal  by  common,  consent. 

Glorification  of  M^aU. — The  number  of  metals  which  are  re- 
garded as  useful,  is  very  limited.  But,  as  many  which  are  of  no 
direct,  practical  use,  enter  into  combination  with  those  which  are 
generally  useful,  it  is  necessary  to  allude  to  some  of  the  former, 
although  their  interest  arises  solely  from  their  combination  with 
others.  In  entering  on  this  part  of  our  work  we  are  under  the 
necessity  of  classifying  the  metals  in  some  such  manner  as  shall 
be  useful  to  the  smelter.  The  most  rational  classification  appears 
to  be  founded  upon  the  relation  of  metals  to  oxygen,  supposing 
that  the  reduction  of  oxides  is  effected  by  means  of  carbon.  The 
number  of  elements  which  form  minerals  is  sixty-two,  all  of 
which  have  more  or  less  influence  in  metallurgical  operations. 
About  fifty  of  these  elements  are  considered  metals  by  chemists, 
of  which  nearly  half  the  number  are  found  in  such  hurge  quanti- 
ties as  to  be  of  importance  to  the  smelter.  A  large  number  of 
metals  form  slags,  as  oxides  or  other  compounds,  and  are  hardly 
known  in  their  pure  condition :  still  these  are  of  high  interest, 
not  only  because  they  form  slags,  but  because  these  slags  invaria- 
bly impart  a  peculiar  quality  to  the  metal  which  is  smelted  under 
their  influence.  We  may,  therefore,  divide  the  useful  metals  into 
two  groups,  the  one  which  forms  chiefly  slags,  and  the  other 
chiefly  metals.  To  the  first  division  the  following  belong,  viz. : 
Potassium,  Sodium,  Calcium,  Magnesium,  Manganese,  Alumi* 
num.  Selenium,  Titanium,  Tellurium,  Arsenic,  and  Chromium. 
The  second  group  will  then  consist  of  Zinc,  Cadmium,  Iron, 
Nickel,  Cobalt,  Antimony,  Lead,  Bismuth,  Copper,  Mercury, 
Silver,  Platinum,  and  the  Platiniun  metals,  and  Gold. 

Instead  of  describing  the  general  qualities  of  metals,  which  we 
assume  to  be  known  by  our  readers,  we  insert  the  following  table, 
which  furnishes  all  the  information  of  this  kind  which  is  here  re- 
quired. 
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All  the  metals,  with  few  exceptions,  are  remarkable  for  a  high 
and  peculiar  lustre ;  they  conduct  heat  and  electricity  better  than 
any  other  substance.  They  are  considered  as  opaque,  but  this 
can  be  no  absolute  property,  for  all  metals  are  porous,  and  con- 
sequently must  transmit  light  when  in  a  body  sufficiently  thin. 
The  affinity  of  metals  for  oxygen  is  remarkably  strong ;  but  un- 
der certain  conditions,  the  oxygen  is  removed  by  chlorine,  sulphur, 
and  other  substances.  The  compounds  which  are  of  interest  to 
the  metallurgist,  are  the  oxides,  carburets,  sulphurets,  phosphur- 
ets,  chlorides,  arseniurets,  silicides,  &c.  The  salts  of  the  metallic 
oitides  are,  however,  of  the  most  interest, — ^such  as  silicates,  car- 
bonates, phosphates,  chlorides,  &c. 

Affinity  for  Oxygen, — Metals  are,  generally  speaking,  combus- 
tible. They  generate  heat  under  the  same  laws  as  carbon  and 
hydrogen.  It  makes  no  difference  in  the  quantity  of  heat  gener- 
ated, whether  we  bum  zinc  with  a  pound  of  oxygen,  or  carbon 
with  the  same  weight  of  oxygen.  But,  while  potassium  burns  on 
water,  gold  must  be  combined  with  chlorine  before  it  can  be  oxy- 
dized,  that  is,  its  affinity  is  so  feeble,  or  its  body  so  compact,  that 
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it  must  be  dissolved,  or  divided,  into  the  most  minute  atoms  be- 
fore it  can  be  combined  with  oxygen.  The  metals  never  com- 
bine with  any  oxydized  substance,  and  least  of  all  with  their  own 
oxides,  however  determined  their  affinity  for  oxygen  may  be.  To' 
this  rule  the  exceptions  are  very  few.  This  is  one  of  the  moist' 
important  peculiarities  of  metals ;  and  it  is  the  best  auxiliary  to 
the  smelter.  This  want  of  affinity  for  other  substances  is  the 
reason  why  fluid  metals  appear  with  a  convex  surface.  The 
same  property  is  strikingly  shown  in  the  refining  of  precious 
metals  on  the  cupel ;  it  is  the  cause  of  fibres  in  wrought-iron. 
The  form  under  which  metals  most  readily  oxidize  is  of  high  in- 
terest :  but  as  it  depends  upon  many  circumstances  besides  affinity, 
we  will  point  out  the  meaVs  by  which  they  are  deprived  of  o^- 
gen,  from  which  the  reverse  may  be  deduced.  Metals  which  are 
deprived  of  their  oxygen  by  the  mere  application  of  heat,  are — 
Mercury,  Silver,  Gold,  Platinum,  Palladium,  Ehodium,  Iridium, 
and  Osmium ;  for  this  reason  these  are  termed  precious  metals. 

Those  metals  which  retain  their  oxygen  at  high  temperatures, 
and  in  fact  cannot  be  reduced  by  heat  only,  we  shall  proceed  to 
enumerate.  Of  the  number,  the  alkaline  metals.  Potassium,  So- 
dium, Calcium,  and  Magnesium,  decompose  water  at  any  temper- 
ature and  retain  their  oxygen  at  any  heat,  while  their  oxides 
form  alkalies  in  all  cases. 

Aluminum  and  similar  metals  retain  their  oxygen,  but  do 
not  decompose  water  except  at  high  heats,  and  form  either  alka- 
lies or  acids. 

Nickel,  Cobalt,  Iron,  Tin,  Cadmium,  Zinc,  and  Manganese, 
decompose  water  at  a  red  heat,  and  their  oxides  form  either  alka- 
lies or  acids,  according  to  the  matter  present,  or  their  state  of 
oxidation. 

Lead,  Copper,  Titanium,  Bismuth,  Uranium,  and  Tellurium 
do  not  form  acids  at  high  heats,  and  do  not  decompose  water  at 
any  heat :  neither  does  Antimony,  Chromium,  or  Arsenic,  but 
when  oxidized,  they  form  invariably  acids  at  melting  heats. 

The  combinations  of  oxygen  and  metal  take  place  in  certain 
definite  proportions,  and,  so  far  as  relates  to  most  of  the  metals, 
in  various  definite  quantities.  There  is  only  one  oxide  of  alimii- 
num,  but  there  are  three  of  iron  which  interest  us.  The  protox- 
ide of  iron  is  a  strong  alkali,  the  magnetic  oxide  a  feeble  alkali, 
and  the  peroxide  is  more  of  an  acid  than  an  alkali.  Peroxide 
and  protoxide  of  iron,  both  infiisible  by  themselves,  form  a  fiisi- 
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ble  slag,  or  glass.  Arsenic  forms  in  all  stages  of  oxidation  an 
acid,  which  never  melts  together  with  another  acid,  or  a  highly 
oxidized  metaL  The  electro-positive  or  negative  character  of  an 
oxide,  is  however  no  condition  required  for  its  fusibility ;  for 
litharge  and  lime,  both  strong  alkalies,  melt  together  and  form 
slag.  But  it  is  always  a  requisite  condition  that  one  of  the  con- 
stituents must  be  &sible,  in  which  the  other  is  merely  suspended. 
This  chemical  relation  is  by  no  means  limited,  that  is,  one  and  the 
same  substance  is  not  always,  nor  in  all  relations,  of  the  same 
character.  The  oxides  of  iron  are  always  alkalies  with  silex,  but 
they  are  acids  in  relation  to  oxide  of  lead.  Alumina  is  an  alkali 
in  the  presence  of  silex,  but  an  acid  when  in  contact  with  the 
alkalies  proper.  The  study  of  tiie  metallurgist  must  be  directed 
to  these  chemical  relations,  and  chiefly  also  to  the  degree  of  Aisi- 
bihty  of  these  compounds,  and  the  relation  which  they  bear  to 
the  metal' to  be  produced  under  their  influence.  As  a  rule,  we 
may  state,  that  the  compounds  of  single  equivalents  of  metals  and 
oxygen  always  constitute  a  base,  or  alkali,  and  that  any  more 
oxygen  destroys  that  property.  Thus,  the  protoxide  of  manga- 
nese, Mn.  0.,  is  a  strong  basis,  and  precipitates  the  protoxide  of 
iron  from  a  slag,  or  any  compoimd ;  but  the  peroxide  of  manga- 
nese, Mn.  0,.,  is  driven  out  by  the  protoxide  of  iron.  When 
carbon  is  present,  one  atom  of  oxygen  is  absorbed  by  it,  from  the 
peroxide  of  manganese,  and  the  iron  is  again  driven  from  its 
union. 

Bydrated  Oxides. — The  oxides  also  combine  in  certain  propor- 
tions with  water,  and  form  definite  compoimds,  called  hydrates. 
These  combinations  are  not  only  of  interest  so  far  as  they  form 
the  most  porous  and  best  kinds  of  ore,  but  the  tenacity  with 
which  water  adheres  to  some  of  the  hydrates  is  remarkable.  Pot- 
ash, clay,  and  silex,  retain  their  water  at  an  almost  red  heat,  and 
the  first  may  be  actually  melted  without  losing  all  its  water. 

The  degree  of  affinity  of  oxygen  for  metal  is  the  strongest,  and 
is  most  diflScult  to  destroy  at  a  medium  state  of  oxidation  between 
the  highest  and  lowest.  Protoxide  of  tin  is  easily  converted  into 
metal,  so  is  peroxide,  but  the  sesqui-oxide,  a  combination  between, 
or  of,  the  two,  cannot  well  be  reduced  to  metal  without  evapora- 
ting the  largest  part  of  the  metal.  In  practical  operations  we 
always  endeavor  to  smelt  the  highest  oxides,  and  convert  the  ores 
into  them,  in  case  they  are  not  naturally  in  that  state.  The  rea- 
sons for  this,  are  the  following:   in  reviving  metals  from  their 
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ores,  it  is  not  only  the  object  to  remove  the  oxygen  from  the  me- 
tal, but  also  to  produce  so  high  a  heat  as  to  melt  the  metal  at  the 
precise  moment  when  the  oxygen  is  removed.  K  only  little  oxy- 
gen is  combined  with  the  metal,  it  is  evident  that  but  little  heat 
is  produced ;  the  metal  may  be  in  the  proper  form,  but  it  cannot 
accumulate  into  a  body,  and  the  least  amount  of  oxygen  will 
oxidize,  it  again.  If  the  quantity  of  oxygen  is  large,  a  proper* 
tionate  amoimt  of  carbon  will  be  consumed  and  the  heat  will  be 
higher  than  when  there  is  less  oxygen  with  the  same  amoimt  of 
metal ;  the  metal  will  now  melt,  agglutinate,  and  in  that  foriii  re- 
sist the  influence  of  oxygen  successfully.  This  law  is  apparent 
in  most  cases  when  smelting  is  done  on  a  large  scale,  but  par- 
ticularly so  in  smelting  refractory  metals,— such  as  iron,  manga- 
nese, chromium,  and  others.  Lead  may  be  smelted  in  either  form, 
because  the  metal  is  very  fusible,  but  less  lead  is  evaporated  in 
smelting  minium  than  litharge,  or  galena. 

Affinity  for  Chlorine. — Chlorine  has  a  peculiar  tendency  to  in- 
duce metals  to  crystallize ;  it  causes  fluidity  and  brittleness.  The 
affinity  of  chlorine  for  metal  surpasses  that  of  oxygen,  and  drives 
out  the  latter  in  all  instances.  It  cannot  be  removed  by  carbon^ 
but  it  sometimes  may  be  by  hydrogen,  as  in  the  case  of  gold,  sil- 
ver, copper,  lead,  and  mercury.  The  energetic  connection  be- 
tween chlorine  and  metals,  would  be  an  impediment  to  working 
ore,  in  which  even  a  small  amount  of  it  was  present;  but,  all 
chlorides  are  extremely  volatile  and  easily  driven  off.  Still  there 
is  always  an  indication  of  the  presence  of  chlorine  in  those  metals 
which  have  been  smelted  from  ores  containing  it.  Chlorine  re- 
moves all  other  matter  from  metals,  when  the  latter  are  in  a  state 
of  fusion ;  carbon,  sulphur,  phosphorus,  and  other  volatile  mat- 
ter is  driven  off  by  it,  and,  if  the  heat  is  continued,  the  chlorine 
itself  escapes  at  last  with  a  portion  of  the  metal.  This  is  the  case 
when  only  a  minute  amount  of  it  is  present.  It  is,  therefore,  one 
of  the  most  powerful  means  of  purifying  metals.  Lead  smelted 
from  chlorides,  or  only  from  a  mixture  of  chlorides  and  other  ore, 
is  always  purer  than  that  from  oxides  or  sulphurets.  The  proper 
application  of  chlorides  has  a  most  beneficial  influence  on  smelt- 
ing and  refining  operations.  Zinc  does  not  combine  very  readily 
with  iron,  but  if  some  chlorine  is  in  it  when  melted,  the  operation 
is  performed  with  the  greatest  ease.  Chlorine  has  a  remarkable 
tendency  to  combine  with  metals,  and  is  particularly  distin- 
guished for  removing  oxygen  from  the  peroxides ;  it,  therefore, 
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purifies  the  surfaces  of  melted  metal,  and  causes  those  in  an  alloy 
to  unite  closely.  This  is  not  only  the  case  with  different  metals, 
but  also  with  any  one  in  which  there  is  chlorine. 

Chlorine  is  not  decomposed  by.  any  heat,  or  other  means ;  it 
is,  therefore,  always  present  in  its  pure  and  proper  form,  and  we 
may  depend  upon  removing  it  finally,  by  the  continuation  of 
heat  only.  All  metals  which  have  been  smelted  under  the  influ- 
ence of  chlorine  are  remarkably  inclined  to  oxidize  so  long  as  it 
is  not  entirely  removed.  It  is  a  harmless  substance  to  the  met- 
als ;  and,  as  it  is  a  powerful  means  of  fluxing  ore  and  slags,  and 
causing  metal  to  be  fluid,  its  use  ought  to  be  more  extended  than 
it  is  at  present  So  long  as  volatile  substances  are  combined 
with  a  metal,  very  little  or  no  chlorine  escapes ;  but  afl«r  sul- 
phur, phosphorus,  and  similar  matter  is  driven  off  by  it,  chlorine 
itself  escapes — ^first  with  arsenic,  then  tin,  antimony,  mercury, 
zinc,  and  iron.  We  may  therefore  regulate  the  refining  of 
metals  under  the  influence  of  chlorine,  according  to  the  volatile 
character  of  the  substance  to  be  removed ;  observing  due  regard 
to  the  degree*  of  affinity  between  chlorine  and  that  substance. 
Some  chlorides  escape  in  their  proper  form,  such  as  those  of  ar- 
senic, tin,  and  antimony ;  others  are  decomposed  so  soon  as  they 
are  liberated  and  atmospheric  air  or  steam  has  access,  as  chloride 
of  iron,  aluminum,  and  silex,  which  are  converted  into  oxides 
and  hydrochloric  acid.  All  evaporated  chlorides  may  be  re- 
covered by  condensation ;  they  are  precipitated  at  a  temperature 
a  little  higher  than  that  at  which  steam,  eondenses. 

Iodides,  bromides,  and  fluorides,  are  similar  in  operation  to 
chlorides ;  but  as  they  are  not  so  plentifully  met  with  as  the  lat- 
ter, they  are  of  little  interest  to  the  smelter. 

Sulphurets. — All  metals  combine  more  or  less  vividly  with 
sulphur,  which  combination  is,  in  all  cases,  destroyed  by  oxygen 
or  chlorine,  with  the  assistance  of  heat  Sulphurets  are  formed 
when  sulphur  is  brought  in  contact  with  hot  metal,  provided  no 
oxygen  or  chlorine  is  present  When  oxides  are  heated  with 
sulphur  which  so  far  predominates  as  to  absorb  all  the  oxygen 
in  forming  sulphurous  acid,  the  remaining  sulphur  will  combine, 
with  the  metal.  When  sulphates  are  heated  in  the  presence  of 
carbon  or  hydrogen,  the  oxygen  of  the  sulphuric  acid  is  abstracted, 
and  sulphurets  remain.  Sulphuretted  hydrogen,  when  conducted 
over  oxides,  or  over  red-hot  metal,  forms  sulphurets.  A  hot,  or 
fluid  metal,  which  contains  only  a  small  amount  of  chlorine,  does 
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not  absorb  sulphur.  The  chemical  relation  of  sulphur  to  metal 
is  similar,  in  respect  to  quantity,  to  that  of  oxygen ;  that  is,  the 
number  and  equivalent  composition  of  the  sulphurets,  corre- 
spond with  the  number  andequivalent  of  the  oxides,  of  the  re- 
spective metals.  Sulphur  causes  metals  to  be  more  fluid,  and 
brittle  when  cold,  and,  in  most  instances,  imparts  to  them  a  pasty 
condition  which  impairs  their  ductility  wheji  hot.  A  large  quan- 
tity of  sulphur  causes  a  low  degree  of  fusibility  in  metals,  which 
is  shown  most  distinctly  in  the  sulphurets  of  antimony,  lead,  cap- 
per, and  iron.  This  fusibility  decreases  more  rapidly  than  the 
evaporation  of  sulphur.  Iron  pyrites  melt  at  a  very  low  red 
heat ;  but  when  the  quantity  of  sulphur  is  reduced  by  evapora- 
tion to  half  the  original  quantity,  it  requires  a  strong  white  heat 
to  melt  the  sulphuret  This  fusibility  of  the  sulphurets  is,  in 
many  instances,  judiciously  applied  in  the  formation  of  a  fluid 
slag.  For  the  removal  of  sulphur  from  metals,  the  presence  of 
free  oxygen  or  chlorine  is  required ;  it  is,  therefore,  of  no  avail 
to  melt  metal  which  is  adulterated  with  sulphur,  under  an  alka- 
line slag,  because  no  slag  will  absorb  sulphur  from  a  metal  imtil 
it  has  itself  been  converted  into  sulphuric  acid.  Sulphur  can- 
not be  removed  entirely  when  carbon  is  present,  or  hydrogen,  or 
any  reducing  agent ;  it  requires  an  oxidizing  influence,  and  a 
thorough  exposure  of  the  metal  to  oxygen.  Sulphurets  may  be 
reduced  by  means  of  metals  which  show  a  stronger  affinity  for 
sulphur  than  those  in  combination  with  it.  The  sulphurets  of 
copper,  lead,  antimony,  and  others  may  be  reduced  by  iron,  but 
we  never  thus  obtain  pure  metals;  the  newly-formed  metal  is 
either  adulterated  by  the  absorbent,  or  by  sulphur.  Instead  of 
metals  themselves  we  may  employ  the  oxides,  particularly  the 
peroxides,  finely  powdered  and  mixed  with  carbon.  Sulphurets 
of  antimony,  silver,  and  bismuth,  may  be  reduced  by  means  of 
hydrogen,  but  no  other  metals. 

Phosphurets, — Phosphorus  combines  readily  with  most  of  the 
metals,  and  adheres  tenaciously  to  them.  The  combination  is 
readily  formed  when  phosphates — the  form  in  which  it  is  gener- 
ally found  in  the  ores — are  heated  in  the  presence  of  carbon; 
and,  as  the  latter  is  always  used  in  smelting  operations,  we  may 
reasonably  expect  phosphorus  in  any  metal  which  is  smelted 
in  the  presence  of  phosphoric  acid,  and  carbon  or  hydrogen. 
Therefore  the  presence  of  bones,  or  bone  ashes,  in  an  ore  or  in  a 
slag,  will  cause  the  metal  to  contain  phosphorus.     The  best 
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means  for  fonnmg  a  phosphuret  is,  to  heat  a  phosphate  in  the 
presence  of  carbon.  Phosphorus  is  more  easily  oxidized  than 
sulphur,  and  combines  in  this  condition  readily  with  alkalies 
and  alkaline  earths ;  we  may,  therefore,  by  these  means,  remove 
phosphorus.  It  also  causes  metals  to  be  very  fusible,  more  so 
than  any  other  substance,  but  disposes  them  to  be  brittle  when 
cold. 

Oarburets. — Carbon  has  only  a  feeble  affinity  for  metals,  and 
cannot  readily  be  combined  with  them.  But,  in  most  cases,  the 
metals  when  reduced  from  porous  oxides,  in  the  presence  of  an 
excess  of  carbon,  absorb  some  of  it,  and  condense  it  in  their 
pores.  It  is  doubtful  if  a  chemical  combination  is  formed ;  still, 
there  are  indications  of  legitimate  compounds  imder  certain  con- 
ditions. The  best  means  of  forming  carburets  are  the  carbonates, 
and  oxalates,  heated  in  the  presence  of  carbon.  The  crude  iron 
obtained  from  the  smelting  of  sparry  iron  ore,  may  be  considered 
a  real  carburet  of  iron.  Carbonate  of  lead,  when  reduced  by 
means  of  carbon,  forms  also  a  carburet ;  but  this  is  less  distinct 
than  that  of  iron.  In  consequence  of  the  faint  affinity  of  carbon 
for  the  metals,  they  are  generally  very  brittle  when  the  amount  of 
it  is  large.  But,  when  a  small  amount  only  is  mixed  mechani- 
cally with  metal,  as  is  the  case  in  gray  cast-iron,  its  strength  is 
not  much  impaired.  The  combinations  of  carbon  and  metal  are 
more  fusible  than  pure  metals ;  and  as  carbon  is  easily  removed 
from  metal  by  oxygen,  it  is  one  of  the  best  means  to  cause  metals 
to  be  fusible. 

AUoys, — We  shall  not  here  enter  fully  into  the  peculiarities 
of  alloys — which  shall  be  done  under  the  particular  metals-*- 
but  we  will  point  out  some  of  their  general  characteristics.  The 
metallic  elements  do  not,  at  first  sight,  appear  to  combine  in  cer- 
tain ratios  and  form  definite  compounds ;  still,  it  cannot  be  denied 
that  some  metals  do ;  and  we  are  justified,  by  the  general  law  of 
affinity,  in  assuming  that  all  metals  combine  chemically.  We 
succeed  always  in  melting  various  metals  together,  but  we  do  not 
very  often  succeed  in  separating  the  excess  of  any  one.  The 
cause  for  this  may  be  either  the  volatility  of  one,  or  more,  metals 
in  the  alloy,  or  the  refractory  nature  of  another.  As  a  genen^l 
rule,  we  may  state  that  all  the  metals  which  form  alkalies  have 
a  particular  tendency  to  unite  with  those  which  form  acids.  Po- 
tassium combines  readily  with  antimony  and  arsenic,  more  so  thap 
with  other  metals.    In  considering  the  nature  of  protoxides,  in 
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their  chemical  relations,  we  may  successfully  form  a  series  in 
which  the  ability  of  metals  to  combine  is  represented.  This 
accounts  for  the  peculiarities  of  the  alloys  of  selenium,  arsenic, 
antimony,  and  tellurium;  which  resemble  very  much  the  com- 
binations of  metal  and  sulphur,  or  phosphorus,  or  chlorine.  All 
these  substances  form  acids  in  their  most  simple  combination 
with  oxygen.  Alloys  and  compounds  of  this  kind  are  peculiarly 
inclined  to  be  brittle  and  fusible.  When  two  metaLs  are  near 
in  the  series  of  aflftnities  for  oxygen,  they  do  not  combine  very 
readily ;  and  they  may  often  be  separated  by  crystallization  only, 
when  their  degree  of  fusibility  is  sufficientiy  distinct  This  hap- 
pens when  both  metals  absorb  the  same,  or  nearly  the  same, 
^ntity  of  oxygen  in  forming  oxide.  AU  chemii  combina- 
tions  liberate  heat ;  silver  and  platinum,  when  melted  together, 
produce  a  high  temperature ;  so  do  zinc  and  copper.  In  most 
c£Cses,  we  obtain  a  mere  mechanical  mixture  of  metals  in  an  alloy; 
this  is  always  characterized  by  forming  distinct  crystals  with  one 
metal,  between  which  the  other  is  visible.  When  an  alloy  is 
formed,  which  contains  equivalents,  no  such  disconnected  crys- 
tals are  observed.  An  irregularly  composed  alloy  is  a  mere  me- 
chanical mixture,  like  wax  and  fat,  and  never  forms  a  uniform 
body  of  metal ;  it  is  of  either  a  granulated  or  crystallized  texture, 
the  latter  of  which  is  not  compact.  Between  the  crystals  of  such 
an  alloy,  one  of  the  metals  is  always  found  in  a  nearly  pure  con- 
dition. The  alloy  of  iron  and  silver,  in  which  the  silver  is  me- 
chanically inclosed  between  the  crystals  of  iron,  is  an  instance  of 
these  compounds.  Lead  and  tin  combine  in  certain  proportions, 
and  whatever  excess  there  may  be  of  either  metal,  it  is  inclosed 
between  the  crystals  of  the  alloy.  The  same  is  the  case  with 
zinc  and  tin,  bismuth  and  tin — and  in  fact,  with  all  other  metals. 
The  number  of  definite  compounds  appears  to  be  very  large,  and 
in  all  cases,  a  metal  is  never  obtained  pure,  whenever  another  is 
present.  In  cooling  a  melted  alloy,  that  composition  which  is 
most  refi'actory  crystallizes  first ;  and  that  which  is  most  fluid,  is 
compelled  to  occupy  the  spaces  between  the  crystals  of  the  most 
refiractory.  Thus,  copper  and  tin  are  very  fusible ;  but  in  cooling, 
copper-tin  crystallizes  first,  and  tin-copper  last — ^which  latter  occu- 
pies the  spaces  between  the  first.  Iron  and  arsenic  are  very  f\iai* 
ble,  but  in  cooling,  iron-arsenic  crystallizes  first,  and  arsenic-iron 
last ;  the  surface  of  the  cooled  mass  shows  a  perfect  network  of 
bright  lines,  in  regular  forms.    In  all  these  compounds  the  first 
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.crystallized  metal,  or  alloy,  contains  some  of  the  latter,  and  the 
latter  some  of  the  first  When  a  bar  of  cold  lead  is  held  in  mer- 
cury, the  first  absorbs  some  of  the  latter,  throughout  its  body ; 
the  pores  of  the  lead  are  filled  with  mercury — ^but  the  mercury 
in  this  case  contains  lead,  as  well  as  the  lead  mercury.  Whe^ 
iron  is  gently  heated  imbedded  in  carbon,  as  is  the  case  in 
making  blistered  steel,  the  carbon  penetrates  the  very  heart  of 
the  iron-rods ;  but  no  iron  is  imparted  to  the  carbon,  because  its 
particles  are  not  movable.  By  these  and  similar  means  the  pores 
of  a  refractory,  solid  metal,  may  be  filled  with  another  metal, 
provided  the  atoms  of  the  latter  are  movable.  Lead  does  not 
readily  combine  with  iron,  but  if  we  heat  wrought-iron  turnings 
in  melted  lead,  the  solid  iron  will  absorb  lead.  Gray  cast-iron 
will  not  absorb  lead,  because  its  pores  are  filled  with  carbon. 
Borings  of  cast-iron  absorb  arsenic  readily,  when  imbedded  in 
arsenious  acid  and  heated ;  but  wrought-iron  does  not  absorb  ar- 
senic by  these  means  until  carbon  is  brought  in  contact  with 
these  substances.  In  properly  applying  these  rules,  we  may 
form  alloys  of  the  most  heterogeneous  metals,  and  in  legal  pro- 
portions. It  is  extremely  difficult  to  form  a  definite  compound 
of  zinc  and  copper,  or  tin  and  copper ;  but  if  we  take  either  the 
oxides  of  all  these  metals,  or  the  oxide  of  any  one,  and  the  metal 
in  small  particles,  and  imbed  the  whole  in  carbon — ^heating  it  so 
as  not  to  melt  it,  although  bringing  it  near  its  melting  point— 
and  then  apply  the  heat  gradually  and  slowly,  we  are  enabled  to 
form  definite  compounds,  which  may  be  melted  by  a  heat  which 
does  not  evaporate  either  the  one  or  the  other  metal.  We  shall 
point  out  the  formation  of  alloys  by  metals  directly,  in  subsequent 
pages ;  but  we  wish  to  draw  the  attention  to  these  facts,  because 
it  is  often  very  difficult  to  form  an  alloy  of  a  definite  composi- 
tion.  Yet  as  these  alloys  are  the  most  valuable,  we  refer  to  the 
above  mode  of  forming  them. 

Fusibility  of  AUoys, — Alloys  are  more  fusible  than  the  mean 
temperature,  at  which  the  metals  melt  singly,  would  indicate. 
This  is  a  very  important  law  in  our  investigations,  and  afibrds, 
when  properly  applied,  the  most  valuable  results.  When  tin 
melts  at  500^,  and  pure  copper  at  2,500^,  equal  parts  of  copper 

and  tin  do  not  melt  at  — =  1,600^,  but  at  a  lower  heat 

Platinum,   and  also  chromium,  are  infusible  in  our  furnaces, 
but  may  be  made  very  fusible  by  the  addition  of  arsenic.    Pure 
28 
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iron  is  extremely  refiractoiy,  but  when  combined  with  arsenic  and 
phosphorus,  it  may  be  melted  in  a  cast-iron  pot,  without  adher- 
ing to  it  Thus,  when  an  alloy  of  two  metals  is  fusible  at  a  lower 
heat  than  the  mean  of  the  two,  a  composition  of  three  metals  Is 
still  more  fusible  than  their  various  degrees  of  melting  indicate ; 
and  by  multiplying  the  number  of  component  parts  a  low  degree 
of  fusibility  of  any  metal  may  be  obtained.  If  the  composition 
is  according  to  the  laws  of  chemical  affinity,  the  melting  point  is 
lowest  In  all  cases  of  practice  we  must  reflect  on  the  applica- 
tion of  the  metal,  before  we  form  an  alloy,  the  object  of  which  is 
to  facilitate  the  smelting  operation.  If  phosphorus  causes  iron  to 
be  very  fusible,  and  coal,  flux,  and  labor,  may  be  saved  in  smelt- 
ing bog  ores  which  contain  phosphorus,  the  first  inquiry  must  be 
whether  the  cold-short  iron  thus  obtained  is  of  any  value.  Ar- 
senic and  zinc  cause  lead  and  silver  ores  to  be  easily  melted,  but 
the  loss  in  silver  by  this  operation  is  so  great  as  to  make  it  desira- 
ble to  remove  these  volatile  metals  before  any  smelting  is  entered 
upon.  We  may  flux  copper  by  arsenic,  but  not  by  lead,  because 
we  can  remove  the  first  in  refining,  but  not  the  latter  sufficiently 
to  form  a  good  quality  of  copper  for  sheets.  Arsenic,  lead  or 
zinc,  may  be  in  iron  which  is  destined  for  wrought-iron,  for  these 
metals  are  easily  removed  in  the  refining  process.  It  is  always 
more  safe  in  smelting  gold  ores  to  have  lead,  copper,  or  silver 
present,  and  if  possible  all  of  them ;  for,  gold  is  very  volatile 
and  extremely  divisible,  hence  much  of  it  may  be  lost  when 
no  other  metals,  which  act  by  their  quantity,  are  present.  Lead 
fuses  at  600°  tin  at  500°,  and  bismuth  at  400°;  but  a  com- 
position of  the  three  may  be  made  which  melts  at  212°,  a  heat 
far  below  the  most  fusible  of  the  ingredients.  This  shows  how 
great  the  advantages  are  which  may  be  obtained  by  forming  al- 
loys in  the  smelting  furnaces.  It  is  the  degree  of  fusibiUty  of  the 
slags  and  that  of  the  metals,  which  determines  the  expenses  of 
smelting.  The  number  of  alloys  is  infinite.  We  cannot  establish 
tables  of  fusihUity  a  jyriori ;  these  must  be  determined  by  practice. 
In  all  smelting  operations  it  is  necessary  to  find  the  most  profita- 
ble conditions  by  experiment. 

If  an  alloy  is  more  fusible  than  a  single  metal,  it  follows  that, 
when  one  or  the  other  constituent  is  removed,  the  fusibility  of  the 
metal  is  impaired.  An  alloy  of  lead  and  arsenic  is  more  fusible 
than  pure  lead ;  but  when  the  alloy  is  exposed  to  heat  for  a  long 
time,  arsenic  will  evaporate ;  and  as  it  was  the  cause  of  fluidity,  the 
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lead  will  not  be  so  fusible  after  losing  its  flux.  Iron  is  made  fusi- 
ble by  the  presence  of  carbon  or  other  substances,  but  when  these 
are  removed,  it  is  very  refractory,  and  can  hardly  be  melted. 
Upon  this  principle  the  formation  of  wrought-iron  is  foimded ;  and 
in  applying  it  to  other  metals  there  is  no  doubt  but  similar  results 
are  obtained.  Tin  is  refined  by  oxidizing  or  evaporating  sul- 
phur, arsenic,  and  other  matter ;  this  causes  the  tin  to  be  less  f\isi- 
ble,  but  more  tenacious.  When  zinc  is  melted  in  an  iro»  pot^ 
and  exposed  to  the  air,  it  forms  dross  on  its  surface  like  other 
metals ;  its  fluidity  is  consequently  diminished,  but  its  malleability 
is  improved.  A  layer  of  carbon,  or,  what  is  still  better,  a  layer 
of  common  salt,  or  bone  ashes,  prevents  such  phenomena  with 
zinc  and  similfu:  metals. 

Specific  Oraviiy. — When  metals  are  melted  together  and  form 
an  alloy,  there  is  produced  a  remarkable  change  in  their  specific 
gravity ;  which  is  sometimes  greater  and  at  other  times  less  than 
the  mean.  A  condensation  of  volume  is  manifested  in  melting 
together  zinc  and  gold ;  the  specific  gravity  of  the  compound  is 
greater  than  the  mean  of  the  constituents ;  gold  also  and  silver 
condense,  or  gold  with  lead  or  bismuth ;  silver  combined  with 
copper,  lead,  tin,  bismuth,  and  zinc  or  antimony  shrinks ;  also 
copper  with  tin,  zinc  or  antimony;  lead  with  zinc,  bismuth  or 
an&ny ;  mercury  with  tin  or  lead.'  bismuth  and  antimony.  An 
expansion  takes  place,  when  gold  is  melted  with  copper,  iron,  or 
tin ;  also  platinum  with  copper ;  iron  with  antimony,  bismuth,  or 
tin ;  also  copper  and  lead ;  tin  and  zinc,  lead  or  antimony ;  zinc 
and  antimony,  and  mercury  with  bismuth.  In  consequence  of 
this  contraction  or  expansion  we  are  justified  in  assuming  a  simi- 
lar change  in  the  aggregate  form. 

The  hardness  of  alloys  is  generally  greater  than  may  be  in- 
ferred from  the  nature  of  the  constituents,  still  there  are  excep- 
tions to  this  rule.  Silver  or  arsenic  renders  iron  hard ;  but  these 
metals  are  soft  by  themselves :  copper  and  tin,  two  very  soft  me- 
tals, may  be  made  extremely  hard  by  melting  them  together  in 
certain  proportions.  Hard  zinc  and  copper  make  soft  brass,  and 
a  compound  of  lead  and  iron  is  extremely  soft.  Antimony  causes 
all  metals  to  become  hard ;  iron,  with  a  little  antimony,  cuts  glass 
very  readily,  but  is  very  brittle. 

The  ductility  of  alloys  is  in  some  cases  greater  than  the  ele- 
ments indicate ;  that  of  lead  and  zinc  is  very  tenacious.  In  most 
instances  the  alloy  is  more  brittle  than  the  original  metals.    Lead 
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and  antimony  is  very  brittle.  Two  or  more  brittle  metab  meUoS 
together  are  always  brittle.  A  compound  of  lead  and  gold  is  r6ry 
brittle.  There  is  no  precise  limit  at  which  we  know  when  brittle 
or  malleable  alloys  are  formed ;  it  is  necessary  to  find  thk  by  prat>- 
tice ;  but  there  are  strong  indications  that  the  alloy  of  an  equir- 
alent  composition  is  always  harder  than  a  mere  mechanical'  mix- 
ture of  metals.  Any  alloy,  when  slowly  heated  and  gradually 
ooo^, — annealed — ^is  softer  than  a  compound  whidi  is  suddenly 
chilled.  In  annealing,  the  various  elements  which  are  in  eombi* 
nation  endeavor  to  separate.  Heat  here,  as  everywhere,  weakens 
affinity.  This  causes  a  finely  crystallized,  or  a  granulated  firao- 
ture ;  the  component  particles  endeavor  to  assume  a  round  form. 
When  a  hot  alloy  is  suddenly  chilled,  the  particles  of  whidi  it  is 
composed  contract  suddenly  and  form  a  close  compact  body;  at 
least  the  ultimate  crystals  are  condensed  into  the  smallest  spacOi 
which  causes  them  to  be  hard.  This  is  most  strikingly  exempli* 
fied  in  some  kinds  of  iron. 

Any  kind  of  iron  in  market  may  be  considered  an  alloy ;  there 
is  no  such  thing  as  pure  iron.  Some  wrought-iron  contains  muc^ 
foreign  matter,  and  still  is  soft  as  lead,  and  fibrous.  If  such  ircm 
is  heated  to  a  certain  degree,  that  is,  beyond  the  degree  at  whioh 
it  has  been  manufactured,  it  becomes  cast-iron,  is  brittle,  and 
when  suddenly  chilled  becomes  hard,  similar  to  steel.  Such  iron 
may  be  annealed  and  softened  like  steel,  or  any  other  alloy.  The 
hardness  of  an  alloy  is  therefore  less  dependent  upon  its  compo* 
sition  than  upon  the  arrangement  and  form  of  the  ultimate  par- 
ticles. We  shall  refer  to  this  subject  again  at  the  end  of  this 
chapter. 

Oondatton, — Alloys  oxidize  more  rapidly  than  single  metals; 
to  this  rule  there  are,  however,  remarkable  exceptions.  Hardened 
or  crystallized  metal  oxidizes  more  rapidly,  than  tempered  or 
annealed  metal,  which  is  most  strikingly  exemplified  in  iron  and 
steel.  It  appears  that  metals  expand  on  being  suddenly  chilled. 
The  spaces  thus  formed  between  the  crystals  are  fissures  inte 
which  oxygen  may  penetrate  with  facility,  and  as  the  crystallized 
form  of  the  particles  affords  much  surface  for  combination,  art 
oxidation  is  readily  effected.  An  alloy  of  antimony  and  ironj 
two  metals  which  are  remarkable  for  crystallization,  oxidizes  verj^ 
readily ;  such  an  alloy  may  be  ignited  by  mere  filing,  particularly 
when  it  is  a  little  heated  previously  to  that  operation.  Chromd 
and  lead  act  in  a  similar  manner.    Antimony  and  potassium  bum 
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spontaneotisly,  and  if  a  little  wann,  with  explosion.  An  alloy  of 
tin  and  lead — soft  solder — ^bums  with  a  vividness  equal  to  carbon, 
and  if  same  zinc  is  present  only  a  low  heat  is  required  to  ignite 
the  mixture.  An  amalgam  of  potassium  and  mercury  is  so  sen- 
sitive  to  oxygen  that  the  mercury  is  oxidi2sed  to  a  high  degree. 
In  many  cases^  and  under  peculiar  arrangements,  the  oxidation 
is  parried  to  the  highest  degree :  we  have  seen  that  in  roasting 
sulphurets,  phosphurets,  and  other  compounds,  the  metal  is  always 
oxidized  to  the  highest  degree.  The  same  cause  acts  in  both  cases. 
When  two  or  more  metals  are  melted  together,  there  is  a  perfect 
penetration  of  the  one  by  the  other.  In  heating  the  mass,  the 
tendency  to  separation  is  augmented,  and  as  the  ultimate  particles 
of  one  metal  cannot  congregate  and  form  large  particles,  they  are 
exposed  to  the  action  of  oxygen  in  their  minutest  form,  and  con- 
sequently will  combine  with  the  largest  quantity  of  oxygen.  If 
one  kind  of  metal  is  more  oxidizable  than  the  other,  or  if  the 
mass  is  porous,  the  oxidation  goes  on,  not  only  faster,  but,  must 
proceed  to  the  highest  degree,  because  the  atoms  of  metal  may 
be.  attacked  by  oxygen  on  all  sides.  While  some  alloys  are 
easily  oxidized,  others  resist  that  influence  more  than  pure  me- 
tals. 

Pure  iron  is  very  easily  oxidized,  and  often  throughout,  when 
in  heavy  masses.  We  have  stated  in  another  work,  that  a  lot  of 
bloom  four  inches  thick,  of  puddled  iron,  was  oxidized  in  a  re- 
heating furnace  by  giving  merely  a  drawing  heat  to  such  a  de- 
gree, that  when  drawn  out  between  rollers  into  bars,  these  were 
found  to  be  converted  partly  into  magnetic,  and  partly  into  pro- 
toxide of  iron.  This  iron  was  puddled  under  the  influence  of  a 
cinder  highly  charged  with  chlorides.  Metals  are  porous,  and 
easily  penetrated  by  other  matter.  Thus,  water  enters  success- 
folly  into  the  body  of  cast  or  wrought-iron ;  and  if  a  metal  is 
present,  or  any  other  substance  which  decomposes  water,  the  iron 
iB  easily  oxidized.  We  find,  when  carbon  is  present,  that  oxy- 
gen has  little  effect  on  iron ;  but  when  any  of  those  substances 
which  form  acids,  such  as  arsenic,  antimony,  or  sulphur,  are 
combined  with  the  metal,  it  is  an  easy  prey  to  oxygen.  An  al- 
loy of  chromium  and  iron  resists  oxygen  as  well  as  gold ;  and 
phosphuret  of  copper  is  not  so  easily  affected  as  pure  copper. 
Bronze  will  resist  the  influence  of  oxygen  much  longer  than  pure 
copper. 
.  This  subject  of  oxidation  is  of  much  practical  interest,  and 
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deserves  more  attention  than  has  been  paid  to  it  by  metdSnr* 
gists.  It  seems  that  no  definite  rules  can  be  applied ;  so  fieu:  as 
we  know,  nothing  is  settled  respecting  it.  It  appears,  thai  the 
degree  of  affinity  has  less  influence  on  the  oxidation  of  metall 
than  the  aggregate  form  of  their  particles,  and  the  strength  ot 
their  union.  Hardened  steel  oxidizes  more  readUy  than  annealed 
steel,  and  chilled  cast-iron  more  so  than  gray  cast-iron.  Ham« 
mered  or  rolled  lead  is  less  penetrable  by  mercury  than  cast 
lead.  German  silver,  which  is  composed  of  oxidizable  metals^  is 
Utile  affected  by  oxygen,  and  less  so  when  rolled  than  when  cast 
CSopper  has  a  strong  affinity  for  sulphur,  and  is  more  readily  at- 
tacked by  it  than  iron,  when  finely  divided;  yet,  when  in  a 
compact  body,  it  will  resist  that  substance  far  more  suceessfolly 
than  iron.  Some  kinds  of  brass  are  remarkably  liable  to  oxidii> 
tion,  while  others  resist  it  more  effectually.  A  surface  of  metal 
which  is  highly  polished,  and  particularly  when  polished  by  rub- 
bing it  witli  a  hard  substance,  is  far  less  subject  to  oxidation 
than  a  rough  sur&ce.  If  it  is  desirable  to  resist  oxidation,  or  in 
&ct  the  influence  of  any  other  matter  upon  metal,  those  alloyd 
must  be  formed  which  have  naturally  little  affinity  for  that  parr 
ticular  substance,  and  which,  in  the  mean  time,  form  the  moat 
intimate  union,  so  that  the  penetration  of  foreign  matter  into  the 
body  of  the  metal  is  prevented.  It  is  not  the  compactness  of 
zinc  or  lead  which  prevents  their  oxidation  in  the  atmosphere ;  it 
is  the  cover  of  oxide,  which  forms  a  close  body,  and  prevents  the 
further  penetration  of  oxygen.  We  may  assert  that  the  density 
of  gold  and  silver  has  as  much  influence  in  preventing  their  oxi- 
dation, as  their  want  of  affinity  for  oxygen.  Affinity  between 
the  metals  of  an  alloy  has,  in  consequence  of  an  intimate  union, 
a  large  share  in  preventing  oxidation.  Iron  is  easily  oxidized, 
but  it  is  less  subject  to  that  influence  when  combined  with  phos- 
phorus than  when  alloyed  with  silver  or  gold,  particularly  the 
former;  this  is  chiefly  because  silver  has  but  little  affinity 
for  it,  and  is  thus  excluded  from  its  crystals,  and  forms  a  layer 
between  them.  There  is  a  separation ;  oxygen  finds  access,  and 
a  rapid  action  of  it  is  the  consequence.  Carbon  protects  iroi^ 
successfully,  not  in  consequence  of  its  greater  or  less  affinity  for 
oxygen  or  iron,  but  chiefly  on  account  of  its  form.  Carbon  is 
elastic,  and  will  fill  the  spaces  between  the  particles  of  metaL 
When  gray  or  white  cast-iron  contains  five  or  six  per  cent, 
of  carbon,  the  latter  will  form  a  body,  when  Uberated,  which 
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caimot  be  oondensed  into  the  same  space  again  by  any  mechani- 
cal means ;  and  even  in  the  form  of  graphite,  it  occupies  nearly 
the  space  of  the  iron.  Still,  cast-iron  is  porous.  All  substances 
foreign  to  iron,  which  are  contained  in  the  finest  kind  of  cast- 
steely  cannot)  when  liberated,  be  condensed  into  the  same  space 
which  they  occupied  in  the  steel ;  and  such  steel,  when  glass- 
hard,  is  very  porous ;  there  is  not  even  cohesion  between  its  par- 
ticles; it  is  brittle.  In  this  may  lie  the  apparent  secret  of 
hardness. 

Every  alloy,  as  &r  as  regards  utility,  may  be  considered  a 
new  species  of  metal,  because  the  qualities  of  the  constituents 
are,  in  most  cases,  not  recognized  again  in  the  compound;  it 
shows  properties  which  do  not  belong  to  the  simple  metals,  and 
which  cannot  be  determined  by  theoretical  speculations.  By 
changing  the  proportions  of  tin  to  copper,  we  obtain  bronze  of  dif- 
ferent  qualities,  varying  extremely  in  color,  hardness  and  sound. 
All  the  alloys  of  tin  and  copper  are  harder  than  either  element^ 
and  half  and  half  is  as  hard  as  steel,  but  extremely  brittle.  A 
few  per  cent  of  tin  causes  copper  to  be  hard,  and  more  tenacious. 
The  addition  of  a  little  lead  causes  brass  to  be  more  ductile, 
while  a  large  addition  makes  it  brittle.  Silver  is  rendered  hard 
by  the  addition  of  a  Uttle  copper,  while  copper  is  more  tenacious 
in  combination  with  a  little  silver.  It  would  lead  us  too  far  now 
to  exhaust  this  subject    We  shall  again  allude  to  the  aUoya 


CHAPTER  II. 

Potassium. — We  commence  the  subject  of  smelting  with  a 
series  of  metals  which  have  no  practical  value  by  themselves, 
but  which  are  of  great  interesit  when  combined  with  others.  As 
pure  metals  are  not  formed  in  the  smelting  operations,  all  matter 
which  possibly  may  enter  into  combination  with  the  metals,  is  of 
interest  to  the  smelter.  For  these  reasons,  we  allude  here  to 
some  of  these  metals,  so  far  as  they  have  any  influence  on 
others. 

Potash. — The  oxide  of  potassium,  its  ore,  occurs  in  the  ashes 
of  all  land  plants  and  of  the  animals ;  it  is  found  in  all  rocks  in 
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large  or  small  quantities,  pardcularlj  in  clay,  in  felds{!»ar  and^in 
granite,  in  mineral  coal,  in  iron  ore  and  some  other  ores,  alse  m 
Bom«  mineral  waters.  The  best  source  of  potash  i»  Ae  adiei  of 
plants,  some  kinds  of  marl  (New  Jersey  marl  contains  tan  per 
cent),  and  feldspar ;  from  which  potash,  the  hydrafced  oxide  of 
potassium,  is  extracted.  This,  however,  is  combined  with  oat*- 
bonic  acid  when  brought  to  the  solid  form,  iii  which  we  generally 
meet  with  it  in  commerce.  Potassium  is  manufactured-  from 
pearlash — carbonate  of  potash — ^by  dissolving  it  in  water,  asnd 
mixing  it  with  half  its  weight  of  coarsely  pulverized  charooal, 
then  evaporating  it  to  dryness,  and  exposing  the  black  nuuB 
tiius  obtained  in  a  wrought-iron  vessel  to  ignition.  At  a  white 
heat  the  potassium  evaporates,  and  is  conducted  through  iioa 
pipe&  into  a  receiver  filled  with  naphtha.  Another  method  is* to 
char  a  mixture  of  cream  of  tartar — ^bitartrate  of  potaasa— and 
jchareoal-powder,  in  the  same  manner  as  black  flux,  and  expcte 
this  mixture  to  ignition  in  an  iron  flask,  as  above.  When  ooarae 
iron  filings  are  heated  to  redness  in  a  wrought-iron  bent  pipoy 
or  in  a  flask,  and  previously  heated  caustic  potassa  is  dn^ped 
upon  it,  the  latter  is  decomposed  by  the  hot  iron  the  oxygen  ab- 
sorbed by  it,  and  potassium  is  liberated,  which  is  condensed  as 
above  in  a  copper  receiver  filled  with  naphtha.  Black  flux,  mixed 
with  oil,  or  fine  carbon,  and  ignited  in  a  retort,  furnishes  also  an 
abundance  of  potassium.  In  fact,  any  substance  which  contains 
much  potassa,  and  is  heated  together  with  carbon,  with  the  at- 
mospheric air  excluded,  furnishes  the  metal. 

Potassium  is  the  first  in  the  series  of  electro-positive  metals, 
and  has  consequently  a  great  affinity  for  all  other  metals ;  we 
may,  therefore,  expect  to  find  it  alloyed  where  metals  have  been 
smelted  by  charcoal,  or  from  ores  which  contained  potassa.    But, 
as  potassium  is  extremely  volatile,  it  evaporates  from  those 
metals  which  require  a  high  heat  for  smelting,  and  to  which  it 
has  not  a  great  affinity.    It  combines  most  readily  with  antimony  • 
and  arsenic.     In  combination  with  the  first,  we  obtain  it  in  large 
quantities  by  melting  antimoniate  of  potassa,  together  with  ooarae ; 
charcoal-powder,  in  an  iron  crucible,  under  cover  of  borax  and 
black  flux.     Lead,  in  being  reduced  from  litharge,  and  when 
fluxed  with  black  flux,  absorbs  a  large  quantity  of  potassium;^  • 
When  antimony  is  present,  this  quantity  is  considerably  augJ 
mentcd ;  in  fitct,  potassium  combines  more  readily  with  an  alloy 
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of  lead  and  antimonj  than  with  either  of  these  metals  when 
alone. 

Potassiimi  has  a  remarkable  tendency  to  soften  other  metals ; 
and,  without  any  pretension  to  establishing  a  role,  we  are  led  to 
bolieve  that  electro-positive  metals  have  a  softening  influence  upon 
others.  It  is  an  established  £Act,  that  all  metals  smelted  by  char- 
coal are  softer  and  purer,  and  more  compact,  than  those  smelted 
by  otheir  ftiel.  In  this  case,  as  in  all  others,  a  small  portion  of 
that  substance  with  which  a  metal  was  revived,  will  remain  in  it 
We  are  therefore  justified  in  assuming  potassium  to  be  present  in- 
pig  iron  smelted  by  charcoal.  Its  presence  in  other  metals  than 
iron  cannot  be  doubted,  if  they  have  been  revived  by  means  of  " 
charcoal.  It  may  be  objected,  that  no  potassium  has  been  de- 
tected in  any  of  the  assays  of  iron,  but  this  cannot  afiect  the  as* 
sertion,  because  the  small  quantity  which  may  be  present,  and  is 
sufficient  to  produce  the  effect,  easily  escapes  the  observation  of  the 
aasayer.  We  do  not  wish  to  be  understood  as  insisting  upon  the 
presence  of  potassium  in  charcoal  pig-iron ;  but  if  it  is  present 
in  but  small  quantities,  the  superiority  of  charcoal  pig  for 
forgers  is  easily  explained ;  and  its  general  brittleness  in  castings 
is  accounted  for.  When  all  electro-positive  metals  have  a  ten- 
dency to  softe)i  other  metals,  it  does  not  follow  that  potassium  is 
present  to  produce  that  effect. 

Sodium. — ^The  sources  whence  this  metal  is  obtained,  are  its 
oxides  and  salts ;  of  the  latter,  carbonate  of  soda  is  the  best  for 
producing  the  metal,  and  chloride  of  sodium  the  most  extensively 
distributed.  The  carbonate  occurs  in  sea-weeds,  in  some  land 
{dants,  in  some  lakes  of  Egypt  and  Europe,  and  in  stone-coaL 
Sodium  is  most  abundant  in  sea-water  and  salt-springs ;  it  is  not 
SQ  much  distributed  in  the  form  of  carbonate  of  soda,  as  in  the 
carbonate  of  potash.  Sodium  is  prepared  by  the  same  means  as 
potassium,  ftom  similar  salts ;  but  as  it  is  more  refiactoiy  than 
the  latter  metal,  it  will  bear  a  stronger  heat ;  and,  for  this  reason, 
it  will  alloy  more  readily  with  other  metals.  It  is  a.little  heavier 
than  potassium,  its  sp.  gr.  is  '97,  and  not  quite  so  soft  as  the  lat- 
ter metal  at,  or  near,  the  same  degree  of  heat. 

Sodium  alloyed  with  potassium  is  more  fusible,  and  more 
permanent ;  that  is,  it  will  bear  a  higher  heat  than  either  metal 
alone ;  the  alloy  is  brittle,  but  not  hard.  One  part  of  potassium, 
and  three  parts  of  sodium,  or  more  of  the  latter,  is  fluid  at  the 
freezing  point  of  water,  while  the  first  metal  melts  at  136^,  the  lat- 
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ter  at  194°,  the  mean  of  which  is  ^^X^  +  ^^^  =  1790.    * Tl^- 

'4 

shows  a  remarkable  gain  in  fusibility.  All  the  alloys  of  sodium 
with  other  metals  appear  to  be  stronger  than  those  of  potassium, 
and  they  are  harder. 

Barium. — ^This  metal  is  derived  £rom  barytas.  The  carb(»i'? 
ate  of  baryta  is  formed  into  a  paste  with  water,  and  thus  may  be. 
decomposed  by  electricity,  a  method  by  which,  in  chemical 
laboratories,  many  other  metals  are  produced.  It  may  also  be . 
smelted  &om  the  oxide  of  barium ;  this,  however,  is  attoided* 
with  some  difficulties.  It  is  produced  readily  by  alloying  it,  ix^, 
smelting,  with  another  metal ;  in  which  case,  it  combines  with  i 
most  of  the  metals.  It  is  far  heavier  than  potassium  or  sodium ;, 
its  specific  gravity  is  near  8.  It  oxidizes  rapidly  in  the  air  aad\ 
in  water,  and  fiises  below  a  red  heat.  It  is  also  malleable. 

(Jalcium, — This  is  similar  in  all  its  properties  to  barium,  and  > 
is  produced  in  a  similar  manner.  It  oxidizes  as  easily  as  the  fbie^  - 
going  metals,  and  is  in  fact  little  distinguished  from  them. 

But  little  is  known  of  the  metals  of  the  alkalies,  and  the  alk»» , 
line  earths;  they  all  decompose  water  with  more  or  less  energy^] 
from  potassiiun,  which  bums  vividly  on  ice  or  water,  to  mi^ne-  • 
sium,  which  is  not  altered  either  by  air  or  water  at  a  low  heat ; . 
although  it  burns  when  heated  to  redness.    These  metals  are  all ; 
volatile  at  a  red  heat    They  melt  from  the  point  of  freezing  water 
to  a  red-heat,  at  which  magnesium  melts.     Calcium  and  magne- 
sium have  been  detected  in  gray  pig-iron,  and  we  may  expect 
that  these  metals  are  alloyed  with  others  where  the  smelting  is 
performed  by  hot  blast  and  an  excess  of  alkaline  flux.    All  the  • 
alkaline  metals  decompose  silex,  and  to  find  them  alloyed,  it  is  > 
necessary  that  silicon  should  be  reduced  first.    Silex  is  reduced 
under  the  same  conditions  with  the  alkaline  metals,  and  sooner 
than  they  are.    As  silex  is  always  present  in  smelting  operations,  - 
its  reduction  cannot  be  prevented  when  these  metals  have  been  • 
revived.    And  as  the  affinity  between  them  and  silicon  must  be  r 
naturally  very  strong,  the  latter  must  exist  in  all  cases  where  the  ! 
first  are  found.     This  may  be  the  cause  why  we  know  so  little  of  ; 
the  alloys  of  the  metals  proper,  and  the  alkaline  metals ;  for,  -. 
where  these  are,  silicon  must  be,  and  it  imparts  its  own  character  i 
to  the  metal.    We  may,  however,  recognize  any  metal  which  has  r 
calcium  or  magnesium  in  its  composition,  by  its  tendency  to  oxi*  : 
dize.    When  calcium  is,  to  some  extent,  in  pig-iron  its  fracture./ 
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is  close ;  little  tendency  to  crystallize  is  shown ;  it  is  very  fluid,  ex- 
tremely brittle,  and  causes  much  work  and  loss  in  refining.  This 
may  not  be  in  consequence  of  the  calcium  present^  but  the  amount 
of  silver  which  is  in  proportion  to  the  calcium.  Should  it  ever 
'be  an  object  to  produce  the  alkaline  metals  on  a  large  scale,  it 
will  be  done  by  alloying  them  with  lead  or  copper  in  smelting, 
and  liquidation. 

Aluminum. — This  metal  does  not  properly  belong  to  the  fore- 
going series,  still  it  forms  a  link  between  it  and  the  metals  prqper; 
and  as  its  electrical  indifference  is  most  striking,  and  its  dSfect 
upon  other  metals  has  been  more  investigated  than  the  foregoing, 
it  affords  the  means  of  drawing  comparisons.  Aluminum  is  pro- 
duced from  alumina  by  a  peculiar  smelting  process,  which  in  some 
measure  belongs  to  our  department.  When  pure  alumina — ^the 
.  oxide  of  this  metal — is  mixed  with  finely  pulverized  carbon,  and 
exposed  in  a  porcelain  tube  to  a  red  heat,  and,  in  the  mean  time, 
chlorine  is  conducted  over  it;  a  dry  chloride  of  aluminum  is 
formed,  accompanied  by  a  vivid  combustion.  When  this  sub- 
stance is  placed  in  a  porcelain  crucible,  upon  whose  bottom  some 
pieces  of  pure  potassium  are  deposited,  and  the  crucible  is  well 
covered  and  luted,  and  then  gently  heated  over  a  spirit  lamp,  a 
reduction  of  the  alumina  is  performed  by  the  potassium,  with  the 
phxluotion  of  a  high  heat  at  the  moment  when  these  two  metals 
decompose  each  the  other.  Here  is  a  reduction  of  one  metal  by 
the  other,  as  we  have  seen  it  performed  in  reducing  sulphurets. 
Hhis  operation  is,  therefore, .  not  confined  to  sulphur,  oxygen, 
phosphorus,  and  similar  substances ;  it  applies  to  all  metals  and 
their  combinations,  and  it  requires  nothing  but  a.  proper  selection 
of  the  decomposing  substance,  and  the  conditions  under  which  it 
may  be  performed. 

The  aluminum  thus  obtained,  is  similar  to  the  alkaline  metals ; 
it  is  very  refractory  and  does  not  melt  at  the  heat  of  melted  cast- 
iron  ;  it  is  hard,  tenacious,  and  not  oxidized  at  common  tempera- 
tures, but  requires  a  high  red-heat  for  oxidation.  This  metal  has 
been  observed  alloyed  with  iron,  in  Indian  steel,  and  it  has  been 
said  that  the  excellent  qualities  of  that  steel  are  owing  to  its  pre- 
sence. Experiments  which  have  been  made  with  this  view  have 
shown,  that  iron  combined  with  aluminum  is  remarkably  strong. 
In,  endeavoring  to  combine  aluminum  with  another  metal  we  are 
in  the  same  predicament  as  with  the  alkaline  metals ;  silex  is  re- 
duced before  alumina  is  affected  by  carbon,  and  if  any  advanta- 
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ges  are  to  be  derived  firom  an  alloy  of  tliis  kind,  silex  oughtfiot 
to  be  present  at  its  formation.  > 

All  theory  and  experience  indicate  the  softening  and  stroigtb* 
ening  influence  of  the  alkaline  metals,  firom  aluminum  to  potash 
sium;  but  in  the  large  operation,  and  the  reduction  of  the  oxides^ 
we  are  certain  to.  reduce  silex  with  them,  which  not  only  paralyzes 
their  good  effects,  but  makes  them  so  injurious  that  their  presence 
is  a  decided  disadvantage  to  the  ductility  and  strength  of  the 
metals  with  which  they  are  combined.  This  is  reeogniased  in  lead 
and  iron.  If  metals  can  be  reduced  in  the  presence  of  alkaline 
substances  £rom  sulphurets,  phosphates,  or  chlorides,  there  is  a 
possibility  of  obtaining  alloys  &ee  from  silicon. 


•  •• 
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Selenium. — ^This  metal  is  closely  related  to  sulphur.  It  oocuis 
in  native  ^Iphur,  in  galena,  in  copper  and  iron  pyrites,  and  it 
has  been  observed  in  the  tellurates  of  Virginia.  Its  preparation 
is  a  chemical  process  which  does  not  come  within  the  scope  of 
this  work.  But,  as  it  is  the  first  substance  in  a  series  of  metals 
of  a  decided  electro-negative  character,  and  has  metallic  proper^ 
ties,  such  as  malleability  and  lustre,  we  must  recognize  it  as  a  use- 
fril  metal.  It  fuses  at  the  boiling  heat  of  water,  and  boils  at  a 
red  heat  and  evaporates.  It  is  so  nearly  allied  to  sulphur,  that 
all  which  may  be  said  of  the  latter,  is  applicable  to  it.  It  adheres 
more  tenaciously  to  metals  than  sulphur,  and  enters  into  combi- 
nations where  sulphur  does  not,  such  as  with  aluminum.  In  fact 
this  substance,  as  commonly  understood,  is  a  little  more  metallic 
in  its  nature  than  sulphur. 

Tellurium. — This  metal  seldom  occurs.  We  should  not  allude 
to  it,  if  it  did  not  bear  the  character  of  a  metal.  In  Virginia  and 
North  Carolina,  it  is  found  in  combination  with  silver,  and  gold, 
and  bismuth.  Tlie  mode  by  which  it  is  obtained  from  its  ore 
differs  from  our  method  of  producing  metals,  and  since  it  is  of 
little  interest  we  shall  omit  a  description  of  it.  In  appearance  it 
is  similar  to  silver,  and  like  antimony  inclined  to  crystallize.  Its 
specific  gravity,is  6'115,  and  it  is  very  refractory  requiring  a  white 
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heat  for  evaporation^  It  is  more  volatile  in  an  atmosphere  <)f 
hydrogen  than  in  common  air,  and  its  fhsibility  is  similar  to  that 
of  antimony;  it  is  combustible  when  red  hot,  and  bums  with  a 
blue  flasae,  &ee  firom  all  smell  when  the  metal  is  pure.  When 
cold  it  resists  the  action  of  the  atmosphere  very  well.  The  alloys 
of  tellurium  with  other  metals  are  extremely  brittle,  and  similar 
to  those  of  sulphur  and  selenium.  The  union  of  potassiimi  and 
telluriiun  is  very  brittie,  and  when  in  certain  proportions,  is  solu- 
ble in  water,  without  oxidation,  like  the  compounds  of  oxygen, 
sulphur,  selenium,  chlorine,  and  others.  Tellurium  and  aluminum, 
combine  with  the  liberation  of  a  strong  heat;  both  unite  when  in 
the  form  of  a  powder  with  the  force  of  gunpowder.  This  alloy 
is  easily  oxidized  by  water  or  moist  air,  forming  alumina  and 
tellurium.  Little  is  known  of  the  tellurets  generally.  It  is  said, 
and  may  be  adopted  as  true,  that  all  tellurets  except  those  of  gold, 
silver,  and  a  few  others,  are  easily  decomposed.  We  must  take 
this  assertion  with  the  usual  proviso,  that,  when  the  amount  of 
tellurium  in  another  metal  is  very  small,  the  atmosphere  or  mois- 
ture will  have  little  eflfect  on  it. 

Arsenic. — This  is  a  metal  which  is  more  plentifully  supplied 
hy  nature  than  those  above  mentioned ;  and  as  it  is  similar  in 
character  to  them,  its  effects  on  other  metals  are  also  similar. 
Arsenic  is  chiefly  obtained  firom  arsenious  acid,  and  the  latter  by 
calcination  from  native  arseniurets,  such  as  those  of  iron,  copper, 
and  other  metals ;  hence  it  is,  in  most  cases,  a  secondary  product 
Still,  much  of  the  arsenious  acid  of  commerce  is  manufisustored 
from  iron  pyrites,  which,  when  the  arsenic  is  extracted,  serves  no 
other  purpose.  Arsenic  enters  as  an  important  agent  into  many 
Inranches  of  art,  and  is  a  usefdl  metal  in  forming  fusible  alloys. 
Arsenic  metal  is  not  poisonous,  but  one  of  its  oxides — arsenious 
acid — ^formed  by  its  combustion  in  air,  is  extremely  so ;  and  in 
operating  either  with  the  metal  or  the  acid  some  caution  is  re- 
quired on  the  part  of  the  operator.  When  arsenious  acid  is  opera- 
ted on,  if  we  moisten  it,  the  inhalation  of  the  dust  is  prevented. 
And  when  an  alloy  of  arsenic  is  melted,  and  operated  on,  the  va- 
pors of  this  metal  are  made  harmless  when  the  operator  fills  his 
mouth  with  grains  of  charcoal,  renewing  them  from  time  to  time. 
This  charcoal  will  absorb  any  arsenic  which  may  accidentally 
enter  the  organs  of  respiration. 

Arsenical  pyrites  is  the  common  ore  of  this  metal ;  it  is  here 
combined  with  iron,  silver,  gold,  bismuth,  and  antimony.    Not 
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much  arsenic  has  been  diaoovered  in  the  United  States.  Ne^ 
ELampshire,  the  Southern  gold  regions,  and  Pennsylyania^  have 
furnished  the  only  specimens  of  arseniurets,  but  not  in  6u£Gi<|ieBit 
quantity  to  be  useful  in  the  arts.  Europe  fiimishes  to  our  coun- 
try at  present  all  the  arsenic,  in  the  form  of  arsenious  acid,  but 
we  do  not  doubt  that  it  will  be  found  at  some  future  time  in  the 
regions  of  the  sulphurets.  In  all  cases  of  its  application  in  prac- 
tice, we  may  consider  the  arsenious  acid  as  the  only  ore ;  and  as 
this  is  obtained  as  a  secondary  product  in  the  calcination  of  co- 
balt ores,  we  shall  include  the  description  of  its  manufacture  in 
the  chapter  on  that  substance.  If  arseniurets  of  iron  were  found 
sufficiently  abundant  in  this  country,  to  admit  of  the  manufacture 
of  arsenious  acid,  the  price  of  the  European  article  is  so  low  as  to 
render  its  manufiEWture  improfitable  here. 

The  arsenious  acid  of  commerce  is  white,  glassy  when  &esh, 
but  generally  opaque  when  brought  into  market  for  sale.  For 
metallurgical  purposes  no  arsenious  acid  in  powder  ought  to  be 
used,  for  it  is  frequently  adulterated  with  gypsum  or  other  mat- 
ter. The  commercial  article  is  always  more  or  less  perfectly 
glassy  or  milky,  or  transparent  in  the  interior  of  the  fiat  pieces^ 
while  on  the  exterior  it  appears  opaque ;  it  is  generally  vitreous 
throughout  its  whole  mass.  It  is  slightly  soluble  in  water.  About 
ten  parts  may  be  dissolved  in  boiling  water ;  this  quantity,  how- 
ever, depends  on  the  amount  of  acid  present  Water  never  dis^ 
solves  the  whole  of  it,  even  when  less  than  the  above  quantity  is 
exposed  to  its  action ;  it  will  dissolve  more  when  a  large  quantity 
of  acid  is  afforded.  Arsenious  acid  consists  of  76*8  metal,  and 
24*19  oxygen.  It  sublimes  in  open  vessels  at  380° ;  it  is  decom^ 
posed  by  hydrogen,  carbon,  sulphur,  phosphorus,  and  some  me* 
tals,  such  as  lead,  iron,  silver,  &c. 

The  metal  arsenic  is  easily  obtained  pure  when  arsenious 
acid  is  mixed  with  fatty  oil,  or  a  compound  of  carbon  and  hydro- 
gen, or  finely-pulverized  soft  charcoal,  and  heated  gently  in  a 
glass  tube.  It  evaporates  at  356°,  and  is  therefore  easily  smelted, 
and  the  metal  condenses  in  the  cold  parts  of  the  heated  tube. 
In  large  quantities  it  may  be  obtained  by  mixing  arsenious  acid 
with  coarse  charcoal  powder,  or  what  is  better  still,  culm — small 
fragments  of  bituminous  coal — ^an&  exposing  it  in  a  large  cruci^ 
ble  to  a  red  heat.  This  crucible  is  covered  by  a  second  one,  as 
shown  in  fig.  204,  and  well  luted ;  the  lower  pot  is  exposed  toa 
red  heat,  while  the  upper  o;ie  is  kept  cool.    The  metal  tiiniift 
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fonned  and  evaporated  will  condense  in  the  upper  pot,  from 
which  it  is  eaailj  aeparoted,  when  cold.  The  same  operation 
may  be  perfonned  on  arsenical  pjritea,  without  carbon,  and  the 


metal  is  obtained  in  a  simitar  manner.  Iron,  nickel,  and  other 
permanent  metals  remain  in  the  lower  pot,  combined  with  scnne 
aisenic 

The  metal  is  of  a  high  lustre,  and  grayish- white ;  its  speciflo 
gravity  is  6'70.  Its  weight  and  lustre  increase  with  its  purity.  It 
eraporates  without  melting,  and  its  vapors,  which  smell  strongly 
of  garlic,  are  sometimes  confounded  with  those  of  phosphomsL 
Arsenious  acid  does  not  smell,  it  is  the  metal  only  which  emits 
this  odor.  It  is  not  ductile,  nor  malleable,  and  may  be  converted 
into  fine  powder  in  a  mortar.  It  is  highly  combustible,  and  d&- 
llagratea  when  either  mixed  or  heated  gently  with  saltpetre. 

If  this  metal,  in  its  pure  state,  is  of  little  interest  to  the  metal- 
lurgist, its  alloys  are  of  much  value.  All  metals,  without  an 
exception,  are  made  more  fusible  by  the  addition  of  arsenic;  in 
some  instances  its  influence  is  remarkably  distinct  The  alka- 
line metals  combine  with  it  with  great  facility,  even  when  it  is 
simply  heated  with  the  oxides  of  those  metals — such  as  potassa 
or  soda.  It  requires  extreme  caution  to  operate  on  these  alloys; 
that  is,  on  those  of  the  alkaline  metals  and  arsenic,  because  they 
decompose  rapidly  in  damp  air,  and  evolve  aiseniuretted  hydro- 
^n— a  virulent  poison — the  effect  of  which  resists  the  most  re- 
ined skill  of  the  physician.    In  combination  with  lead— in  shot 
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f-^^^arsenic  is  harmlesfl ;  and  also  in  all  compounds  of  the  •prapsr 
metaisy  when  its  quantity  is  not  too  large.  Aluminum,  wd  all 
the  metals  of  this  class,  combine  very  leadily  with  aisenia  Jm 
hct  all  metals  combine  easily  with  arsenic,  but  they  are  quite  as 
easily  decomposed.  The  decomposition  of  arsenical  alloys  is 
effected  by  merely  continued  heat,  and  with  the  exception  of 
silver,  in  a  short  time.  The  higher  the  degree  of  heat  is,  so  mudli 
shorter  is  the  time  in  which  the  act  is  accomplished.  When  it 
is  desirable  to  retain  arsenic  in  the  composition,  it  is  necessaiy  to 
melt  the  metals  at  as  low  a  heat  as  possible.  The  combination 
of  arsenic  with  other  metals  is  as  easily  performed  as  the  decom- 
position. Metallic  arsenic  and  lead  cannot  be  combined  directiy ; 
but  when  melted  lead  is  covered  by  arsenious  acid,  some  lead  is 
oxidized,  and  in  its  place  arsenic  is  absorbed.  In  the  same  man- 
ner other  metals,  which  melt  at  or  near  the  heat  at  which  arse- 
nious acid'  volatilizes,  may  be  combined  with  arsenic.  Iron, 
chromium,  copper,  and  others,  cannot  be  alloyed  by  these  meanSy 
but  they  may  be  effectually  combined  with  ail^nic  in  a  manner 
described  in  previous  pages ;  and  there  is  po  doubt  that  all  alloys 
of  this  kind  are  most  safely  and  correctly  compounded  by  that 
manner — namely,  cementing  the  metals  directly,  or  their  oaddci^ 
with  arsenious  acid  and  carbon,  at  a  heat  at  which  neither  the  W' 
fractory  metals  nor  the  alloy  is  melted,  and  then  melt  the  alloy 
thus  formed  at  the  lowest  heat  at  which  it  will  dissolve  in  a 
crucible,  with  the  exclusion  of  oxygen ;  that  is,  under  a  cover  of 
fusible  glass. 

Alloys  of  arsenic  cannot  be  converted  into  vessels  in  whi<& 
food  for  men  or  animals  is  prepared,  but  it  finds  extensive 
appUcations  in  other  cases;  and  when  its  properties  are  move 
thoroughly  understood,  it  will  be  still  more  generally  used.  In 
virtue  of  its  property  of  causing  the  fluidity  of  metals,  when  pre- 
sent in  small  quantities,  it  promotes  the  union  of  those  metab 
which,  without  its  assistance,  do  not  unite.  Zinc  and  lead  do  nol 
unite  very  readily;  but  with  the  assistance  of  a  little  arseni<^ 
both  form  a  firm  combination.  Iron  has  no  affinity  for  lead,  but 
when  arsenic  is  present  it  forms  an  alloy  with  it.  Thus  we 
may  form  combinations  which,  without  the  assistance  of  arsenide 
cannot  so  easily  be  accomplished.  Iron  and  alumina  may  be 
formed  by  melting  gray-iron  and  pure  alumina  together;  in 
this  case  all  the  impurities  of  the  cast-iron  are  in  the  com- 
poimd.    When  pure  iron  filings  or  turnings,  are  cemented  in 


PABTIGULAB  MSTALLUBOIOAL  OPERATIONS.  440 

almnina,  arseniouB  acid  and  carbon,  and  then  melted  in  a  cruci* 
ble  so  as  to  expel  the  arsenic,  an  alloy  of  iron  and  aluminum  of 
great  purity  is  formed,  which,  however,  contains  traces  of  arsenia 
Arsenic,  like  antimony,  has  a  remarkable  tendency  to  cause 
metals  to  crystallize ;  but  it  does  not  make  quite  as  brittle  alloys 
as  the  latter.  In  producing  a  high  degree  of  fluidity,  it  admits 
the  melting  of  metals  at  a  low  heat,  and  consequently  the  forma* 
tion  o&small  crystals  and  a  fine  grain,  and  enables  the  metals  to 
contract  into  a  small  compass,  which  causes  them  to  be  dose  and 
assume  a  high  polish.  With  the  closeness  of  grain,  the  hardness 
and  britdeness  increases.  Arsenic  causes  all  metals  to  be  whiter 
then  they  naturally  are. 

Ckromiivm, — This  metal  has  been  but  very  little  used  in  its 
proper  form.  Its  compounds  with  oxygen  are  introduced  as 
coloring  matter  very  extensively.  The  metal  possesses  some 
properties  which  deserve  more  than  a  passing  notice. 

Its  ore  is  the  chromic  iron— chrome  ore ;  also  called  chromate 
of  iron.  It  occurs  native  in  heavy  masses,  of  a  granular  texture, 
of  an  iron-black  or  brownish-black  color;  streak  brown;  its 
JGracture  is  imeven,  and  it  is  brittle.  Chromic  iron  occurs  chiefly 
in  Maryland  and  Pennsylvania,  and  to  some  extent  in  Europe ; 
-but  the  first  sources  scarcely  supply  the  markets  of  the  world. 
The  most  extensive  mine  may  be  considered  to  be  that  in  Chester 
county,  Pennsylvania,  which  furnishes  a  large  quantity,  besides 
an  ore  of  remarkable  purity,  containing  often  from  9Q  to  98  per 
cent  of  chromate  in  the  bulk.  This  mine  has  been  worked  now 
for  fifteen  years,  and  the  mineral  appears  to  be  inexhaustible. 
It  contains,  besides  chrome  ore,  magnesian  minerals;  and  yields 
also  specimens  of  nickel  ore,  and  emerald.  Chromate  is  found 
near  Baltimore  on  the  bare  hills,  and  in  Montgomery  county, 
Md.,  and  other  counties  of  that  State ;  in  Connecticut,  in  New  Jer- 
sey, and  in  Vermont  in  large  masses ;  in  Massachusetts,  in  Cuba, 
ftnd  other  localities.  This  ore  is  generally  imbedded  in  serpen- 
tine, in  the  form  of  masses  or  veins. 

The  composition  of  chromic  iron  is  oxide  of  chromium,  pro- 
toxide of  iron,  alumina,  silict^  and  other  substances.  A  specimen 
fipom  Chester  county,  Pa.,  contained  61*66  chrome  oxide;  35*14 
peroxide  of  iron ;  9*72  alumina ;  2*90  silica.  Another  specimen 
ftom  the  same  source,  60*04  chrome  oxide ;  20*13  peroxide  of  iron ; 
11*85  alumina,  and  some  magnesia.  Frequently  the  ore  contains 
manganese  besides  these  ingredients.  When  it  is  gently  heated 
29 
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with  carbon,  or  in  the  reducing  flafne  of  the  blowpipe,  it  i»  reor 
dered  magnetic.  It  dissolves,  with  a  green  color,  when  melted 
with  the  bisulphate  of  potassa. 

There  are  other  ores  of  chromium  than  these ;  but  they  are 
of  no  practical  interest  The  metal  chromium  is  extreniely  re* 
fractorj,  and  in  its  pure  condition  of  no  use.  It  may  be  pn>* 
duced  in  small  grains,  or  in  an  imperfect  form,  by  heating  green 
oxide  of  chromitmi  in  a  charcoal^lined  crucible,  in  the  stfongest 
heat  of  an  air,  or  blast  furnace.  The  metal  is  grayish-white, 
specific  gravity  6*9,  very  brittle,  not  magnetic,  and  not  attacked 
by  any  acid  except  fluoric,  which  dissolves  it.  It  changes  slowly 
in  air  or  water,  and  decomposes  the  latter  at  a  red  heat ;  when 
heated  with  potassa  or  soda,  or  their  carbonates,  it  is  converted 
into  chromic  acid.  An  easy  mode  of  obtaining  this  metal,  is  to 
dissolve  sugar  in  a  solution  of  bichromate  of  potash— dry .  the 
whole,  and  bum  it  by  stirring  it  with  a  hot  iron  rod.  When 
this  mass  is  exposed  in  a  good  black  crucible  to  a  strong  heat^  a 
scale  of  chromium  is  formed  near  the  sides  of  the  pot,  which  may 
be  separated  from  it,  and  from  the  inclosed  oxide.  The  metal  thus 
obtained  is  sofl ;  it  cannot  be  pure ;  and  it  must  contain  potas- 
sium. 

Chromium  has  a  strong  af&nity  for  sulphur,  phosphorus,  and 
some  of  tlie  metals.  Like  arsenic,  it  has  a  tendency  to  harden 
other  metals.  Its  refractory  nature,  admitting  of  a  high  degree 
of  heat  before  melting,  combined  with  its  property  of  hardening — 
which  it  possesses  in  a  high  degree — ^and  its  abundance,  render 
it  the  most  suitable  and  best  metal  for  compounding  hard  alloya. 
Its  resistance  to  oxidation,  either  by  itself,  or  in  combination 
with  other  metals,  makes  it  useful  for  those  purposes  for  which 
other  metals,  except  gold  or  platinum,  cannot  be  applied.  Iron 
is  made  extremely  hard  in  combination  with  it,  and  it  retains  its 
tenacity  when  pure. 

To  produce  chromium  by  smelting  it  directly  from  its.oxidea^ 
is  an  operation  too  expensive  for  practical  purposes ;  but  we  may 
obtain  it  alloyed  to  others,  with  the  greatest  ease,  when  bi- 
chromate of  potassium  is  dissolved  in  water,  and  a  little  arsenious 
acid  added  to  it,  and  also  pure  peroxide  of  iron  and  an  equiva- 
lent of  charcoal-powder  which  may  absorb  the  oxygen  fjx)m  the 
oxides ;  if  the  mass  is  then  evaporated  to  dryness,  we  obtain  an 
intimate  mixture  of  the  metalUc  oxides  and  carbon.  This  dried 
mass  is  broken  into  coarse  pieces,  so  as  to  form  spaces,  and  melted 
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in  a  Hessian  pot,  under  cover  of  a  little  piece  of  window-glass 
which  is  free  from  lead.  By  applying  a  gentle  heat,  an  alloy  is 
thus  obtained  of  great  fusibility,  extreme  hardness,  and  which  is 
not  brittle.  If  the  arsenic  in  this  alloy  is  in  any  way  objection- 
able, it  may  be;  re-melted  by  a  gentle  heat,  imder  coyer  of  glass, 
until  all,  or  nearly  all  of  it  is  evaporated.  An  alloy  of  copper 
and  chromium  is  formed  in  a  similar  manner;  but  it  requires 
more  caution  in  evaporating  the  arsenic,  so  as  not  to  oxidize  the 
chron^imu  In  these  experiments  any  excess  of  carbon  must  be 
prevented,  because  it  renders  the  compound  brittle ;  it  is  there- 
fore of  little  use  to  alloy  chromium  with  steel.  All  the  metals 
belonging  to  this  class  of  extreme  electro-negatives,  do  not  readily 
combine  with  carbon,  boron,  or  silicon;  and  if  these  substances 
are  present  in  the  principal  metal,  the  addition  of  another  metal 
which  has  no  aflSnity  for  them,  will  render  the  first  brittle. 

In  forming  an  alloy  of  chromium  with  other  metals,  the  pot- 
ash of  the  bichromate  is  sometimes  objectionable,  because  some 
of  it  may  be  reduced  and  enter  into  the  alloy,  which  is  the  more 
probable,  aa  chromium  has  a  strong  affinity  for  potassium ;  in 
such  case,  the  chromate  may  be  converted  into  oxide  of  chro- 
mium by  simply  calcining  it  with  charcoal,  and  extracting  the 
potash  from  the  calcined  mass  by  water.  The  result  is  more 
certain,  and  a  purer  oxide  of  chromium  is  obtained,  when  the 
bichromate  of  potassa  is  dissolved,  mixed  with  an  equal  weight 
of  carbonate  of  potash  and  1^  times  its  weight  of  sal-ammonia, 
and  evaporated  to  dryness  and  calcined  in  a  crucible  by  applying 
a  red  heat  The  chloride  of  potash  is  extracted  by  water  from 
this  mixture,  and  a  green  oxide  of  chromium  remains. 

TKtanium. — This  metal  would  be  of  little  interest  if  its  oxide, 
or  acid,  was  not  found  so  frequently  associated  with  the  iron  ores 
of  this  country,  in  smelting  which  it  causes  so  much  difficulty. 
The  most  frequent  occurrence  of  titanium  is  in  the  titanic  iron, 
which  aboimds  particularly  in  the  eastern  and  northern  States. 
The  black  magnetic  iron  ore,  and  iron  sand,  contain  titanium. 
The  metal  is  jfrequently  observed  in  iron  smelting  ftimaces,  as  an 
accidental  deposit  In  this  case,  it  is  generally  combined  with  nitro- 
gen and  cyanogen,  and  represents  10  Ti.  +  1  Cy.  +  8  N.  It  is  also 
found  in  the  iron  slags,  but  most  frequently  in  the  crevices  of  the  old 
hearthstones  of  these  fdmaces.  When  obtained  in  combination 
with  iron,  in  such  stone  fractures,  it  is  converted  into  a  copper- 
ted  powder  by  dissolving  the  iron  in  muriatic  acid«    Titanium 
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may  be  produced  like  chromium,  by  exposing  a  mixture  ci 
titanic  acid  and  carbon  to  the  strongest  heat  of  an  air^fbunaeei 
provided  with  blast.  It  does  not  melt,  but  is  reduced  to  a  red 
porous  mass.  This  metal  is  extremely  hard ;  it  cuts  glass,  hai^ 
dened  steel,  and  agate,  and  is  insoluble  in  all  the  adds,  except 
nitro-fluohydric  acid.  It  is  not  altered  in  air  or  water,  and  can 
be  oxidized  only  by  melting  its  fine  powder  in  saltpetre.  Tita- 
niimi  is,  like  chromium,  not  easily  combined  with  other  metals ; 
this  is  chiefly  owing  to  its  refractory  character.  It  has  only  a 
weak  affinity  for  sulphur,  phosphorus,  carbon,  and  similar  mat* 
ter.  Alloys  of  titanium  are  little  known,  but  they  deserve  more 
attention  than  has  been  bestowed  upon  them.  Those  which 
have  been  examined  are  all  extremely  hard,  and  less  brittle  fhaa 
the  alloys  of  other  electro-negative  metals. 

We  have  thus  fiir  treated  of  a  series  of  metals  which  are  of 
little  practical  value  by  themselves,  but  of  high  interest  when 
alloyed  with  others.  And,  as  we  cannot  smelt  any  one  of  the 
common  metals  without  its  absorbing  some  of  the  matter  with 
which  it  is  in  contact,  we  may  assert,  as  a  general  rule,  that  all 
commercial  metals  are  alloys.  The  foregoing  series  of  metals 
show  distinctly  the  character  which  they  impart  to  an  alloy,  and 
we  are  justified  in  assuming  that  electro-positive  metals,  that  is, 
those  which  form  the  alkali  in  an  alloy,  have  a  softening  influ- 
ence ;  and  those  which  form  the  acid,  cause  hardness.  Brittle- 
ness  is  determined  by  the  relative  degree  of  fiisibility  of  the 
alloys.  All  the  compounds  of  the  alkaline  metals  are  not  so 
brittle  as  those  of  the  acids.  Still,  an  alloy  of  aluminum  is 
stronger  than  that  of  potassium  or  calcium;  and  an  alloy  of 
chromium  or  titanium  far  stronger  than  a  combination  of  arsenic 
or  selenium ;  this  may  be  owing  to  the  refractory  character  of 
the  latter. 

In  the  preceding  remarks,  we  have  purposely  omitted  to  speak 
of  carbon,  sulphur,  phosphorus,  silicon,  and  some  rare  metals;- 
these  substances  may,  and  must  be,  classed  with  the  metals ;  we 
shall  speak  of  them  hereafter.  The  combinations  of  sulphur, 
phosphorus,  &c.,  are  similar  to  those  of  other  alloys ;  and  in  car* 
bon  we  recognize  the  strong  character  of  an  extremely  refiraotory . 
metal,  more  determined  in  its  nature  than  other  metals.  We  re- 
cognize in  the  diamond  a  metal  condensed  in  the  smallest  spaoe; 
Carbon  requires,  besides  heat,  a  strong  pressure  to  agglutinate^ 
which  is  shown  distinctly  in  its  combination  with  iron.    WheD| 
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under  these  circumstances,  that  metal  is  heated  to  a  certain  de- 
gree, the  carbon  is  dissolved  in  the  iron ;  and  if  the  latter  is  sud- 
denly cooled  and  forced  to  crystallize,  there  is  no  time  for  the 
carbon  to  separate,  and  an  alloy  is  the  consequence,  which  shows 
all  the  characters  of  other  alloys  to  a  high  degree.  We  are  justi- 
fied in  assimiing  that  carbon  is,  in  hardened  steel,  in  the  form  of 
diamond.  The  limited  affinity  of  metals  for  carbon,  and  the  re- 
fractoiy  nature  of  the  latter,  cause  it,  when  it  is  subjected  to 
a  strong  compressive  force,  to  separate  from  the  metal  and  occupy 
the  spaces  between  its  Atoms,  which  renders  the  metal  gray  and 
sofiL  We  shall  allude  to  this  subject  again  in  subsequent  pages ; 
our  object  here  is  merely  to  draw  attention  to  the  metallic  nature 
of  all  ^at  matter  which  combines  with  metals,  and  forms  alloys. 


•  ••. 


CHAPTER   IV. 

Zin/c, — ^The  properties  of  this  metal,  when  pure,  are  character- 
istic. The  commercial  zinc  is  not  pure,  it  always  contains  foreign 
matter,  such  as  carbon,  arsenic,  lead,  cadmium,  iron,  and  in  fact 
all  those  substances  with  which  the  ore  has  been  in  contact,  and 
with  which  it  is  brought  in  contact  in  the  process  of  distillation 
or  smelting.  Pure  zinc  is  a  bluish-white  metal,  much  inclined  to 
crystallize,  and  consequently  brittle  and  of  brilliant  lustre.  It 
fiises  at  770°,  and  evaporates  at  a  heat  near  the  melting  of  cast- 
iron.  Between  a  temperature  of  200^  and  800°  it  is  quite  mallea- 
ble, and  may  be  rolled  into  sheets,  hammered,  or  drawn  into 
wire ;  below  200°,  and  at  400°,  it  is  quite  brittle.  At  these  tem- 
peratures, it  may  be  converted  into  powder  in  a  mortar.  The 
q)ecific  gravity  of  the  pure  metal  is  6*9,  that  of  the  article  of 
commerce,  6*6  to  6*8,  Aat  of  the  common  rolled  metal,  7'19. 
Zinc  decomposes  water  when  in  the  form  of  vapor ;  it  tarnishes 
in  moist  air,  but  continues  bright  in  dry  air ;  when  melted,  with 
a  Supply  of  air  it  burns  with  a  vivid  white  flame,  giving  out 
dense  fumes,  which  condense  in  white  flakes,  like  fine  snow  or 
wool ;  this  is  oxide  of  zinc.  By  the  form  of  these,  it  is  distin- 
gjoished  firom  all  other  metals ;  for  no  others  form  such  large  flakes 
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of  oxide — ^flowers  of  zinc — as  this  one  in  bnming.  Zitid'Baib 
little  aflinity  for  other  metals.  When  thrown  on  melted  iron,  it 
is  evaporated  with  such  rapidity  that  the  fluid  iron  is  ihro'wii 
about;  and  when  the  piece  of  zinc  is  large,  and  oast 'into  the 
melted  iron  with  force,  an  explosion  similar  to  that  produced  ^'tiy 
gunpowder  is  the  consequence.  Copper,  to  which  ziiic  his  the 
greatest  affinity,  cannot  retain  it  when  melted.  Pure  wsitdr  is 
not  decomposed  by  zinc  at  common  temperatures,  but  it  decom- 
poses steam,  when  ignited ;  the  metal  is  rapidly  dissolved  by 
water,  which  contains  an  acid  or  an  alkah  in  solution. 

Oxide  of  Zinc. — ^The  principal  ores  of  zinc  are  the  stdphurett, 
silicates,  and  carbonates.  Oxide  of  zinc  only  is  used  at  prefs6tit 
in  the  United  States  for  producing  zinc.  Pure  oxide  of  'zitiC-^ 
flowers  of  zinc — consists  of  81  parts  of  the  metal,  and  19  parts  of 
oxygen,  which  in  the  native  oxide  is  more  or  less  mixed  with 
other  matter.  The  red  oxide  of  zinc  of  New  Jersey  is  the  min- 
eral used  at  present ;  it  is  a  compound  of  zinc,  iron,  and  manga- 
nese. It  occurs  abundantly  at  Stirling  and  Franklin,  N.  J.  It 
is  of  a  dull  orange,  oflen  deep  red,  or  brown-red  color ;  it  is  brit- 
tle, infusible,  and  contains  on  an  average  from  80  to  90  per  cent, 
of  oxide  of  zinc ;  sp.  gr.  54  to  5*5.  This  ore  is  used  at  present 
for  the  manufacture  of  white  zinc  paint,  at  Newark,  N.  J.,  and  to 
a  small  extent  in  the  manufacture  of  brass. 

Blende. — Sulphuret  of  zinc,  black-jack.  This  ore  consists  in 
its  pure  crystals  of  84  parts  of  zinc,  and  16  of  sulphur.  It  is 
always  found  to  be  crystallized,  of  a  high,  adamantine  lustre ; 
of  black,  brown,  red,  yellow,  and  green  colors,  and  in  most  cases 
transparent,  or  translucent ;  it  is  brittle,  and  its  specific  gravity  4 
to  4*2.  Its  conchoidal  fracture,  together  with  its  small  gravity, 
causes  it  to  float  easily  in  water.  Blende  occurs  in  crystalline 
and  in  stratified  rock,  associated  with  galena,  heavy  spar,  copper 
and  iron  pyrites,  fluor  spar,  spathic  iron,  and  other  mineralk 
This  mineral  abounds  in  the  western  lead  mines,  in  Missouri, 
Wisconsin,  Iowa,  and  Illinois.  It  is  found  in  the  States  of  New- 
York,  Massachusetts,  New  Hampshire,  Maine,  and  in  &ct  in 
nearly  all  the  States  of  the  Union.  Blende  is  the  principal  sub- 
stance in  the  silver  ores  of  Virginia  and  North  Carolina,  where 
it  occurs  in  heavy  lodes,  injections  in  talcose  slate.  It  is  n6t 
used  for  the  manufacture  of  zinc,  and  is  considered  a  trouble- 
some mineral  when  intimately  mixed  with  galena,  for  it  causes 
the  latter  to  waste  much  in  smelting.    When  galena,  which 
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oontaina  blende  is  onished,  but  not  too  finely,  tlie  latter  may  be 
removed,  to  a  large  extent,  by  washing.  Wben  crushed  fine^ 
the  galena  and  blende  are  ins^Murable.  It  is  a  most  tedious 
operation  to  separate  sulphur  fix>m  zinc,  particularly  when  in 
combination  with  other  metals  which  form  a  insible  sulphuret 

(hlamint. — ^In  this  species  the  carbonate  and  the  silicate  of 
zinc  are  contained ;  both  are  treated  in  the  same  manner  for  ob* 
taining  the  metal.  The  specific  gravity  of  the  first  is  4*2  to  4*8, 
of  the  latter  8*8  to  4*1.  Composition  64*8  oxide  of  zinc,  and 
86*19  carbonic  acid ;  it  contains  often  carb.  of  iron«  This  species 
occurs  extensively  in  Missouri,  in  New  Jersey,  Perkiomen  mine 
in  Pennsylvania,  and  also  in  Connecticut  Its  color  is  whiter 
brownish- white,  greenish,  and  similar  shades;  it  is  translucent, 
of  a  vitreous  or  pearly  lustre,  streaked  white,  and  brittle.  Sili- 
eious  oxide  of  zinc  occurs  with  the  carbonate  in  the  same  locali* 
ties,  and  does  not  materially  differ  in  appearance  from  the  latter. 
]to  compoaition,  for  which  a  specimen  fr^m  Stirling,  N.  J.  is  adopt- 
ed,  is  68*06  oxide  of  zinc,  25*44  silica,  and  the  rest  6*60  iron  aiid 
manganese. 

AUoys  of  Zinc, — ^Zinc  has  a  faint  affinity  for  carbon ;  the  com* 
mercial  article  always  contains  it;  it  has  a  strong  affinity  for 
arsenic,  and  can  hardly  be  fi-eed  firom  it  by  any  means,  Potaa* 
sium  and  sodium  combine  readily  with  zinc ;  and  its  effect  in 
this  combination  is  similar  to  that  of  antimony,  lead,  or  bismuth. 
Sulphur  and  selenium  do  not  readily  combine  with  zino, 
but  tellurium  does,  with  the  development  of  intense  heat 
With  antimony  it  combines,  but  not  very  readily.  All  these 
combinations  are  more  or  less  brittle,  and  not  ductile.  The  alloys 
of  zinc  and  other  metals  are  more  or  less  malleable,  according  to 
the  proportions  of  zinc  Lead  has  a  peculiar  influence  in  dimin- 
ishing the  brittleness  of  zinc ;  even  two  parts  of  zinc  and  one  of 
lead  are  not  brittle.  Tin  and  zinc  is  hard,  but  forms  a  very 
compact  metaL  Bismuth  and  zinc  do  not  combine ;  but  when  a 
little  antimony  or  arsenic  is  present,  a  union  may  be  effected ; 
the  compound  is  similar  to  that  of  lead.  The  precious  metals 
do  not  easily  combine  with  zinc.  Iron  is  the  only  metal  with 
which  it  combines,  when  the  mass  of  either  is  very  large ;  a  little 
iron  combines  easily  with  zinc;  the  commercial  article  always 
contains  it  Iron  may  be  superficially  coated  with  zinc,  but  at  a 
red  heat  it  entirely  evaporates.  Zinc  containing  iron  is  more 
subject  to  oxidation  than  pure  zinc ;  iron  appears  to  predispose 
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it  for  oxidation.    Of  its  compositions  with  copper,  and  alab  of 
other  metals,  we  shall  speak  again. 

Use  of  Zinc. — ^Its  use  is  chiefly  for  alloys  with  copper,  and  finr 
scientific  purposea  Its  excessive  sensitiveness  for  acida  and 
alkalies  excludes  it  fix>m  domestic  utensils.  In  sheets,  it-  u 
sometimes  used  for  covering  roofe,  or  for  covering  wooden  floors 
in  houses  which  are  much  frequented.  When  rolled  at  the 
proper  temperature,  about  300°,  and  gently  cooled,  the  sheetH 
retain  their  malleability ;  but  if  this  apparent  malleable  metal  is 
melted  and  cooled,  it  assumes  its  brittle  nature  again.  When  the 
sheets  are  warmed,  they  are  less  subject  to  fracture  than  when 
cold.  Zinc  is  used  to  protect  iron  against  oxidation,  which  it 
does  eflfectually  when  both  metals  touch  each  other,  or  are  in 
metallic  contact  The  iron  for  this  purpose  is  cleaned  on  its 
surface  by  a  mixture  of  equal  parts  of  sulphuric  and  muriatfe^ 
acids,  which  is  diluted  and  warm ;  it  is  immersed  in  this  fluid, 
and  when  clean,  or  nearly  so,  it  is  struck  by  a  hammer  to  remove 
the  adhering  scales,  scrubbed  with  sand  or  emory,  and  then 
dipped  in  a  bath  of  a  saturated  solution  of  equal  parts  of  chloride 
of  zinc  and  sal-ammonia.  From  this  theiron  is  transferred  to  a* 
metallic  bath,  of  melted  zinc  and  mercury,  1292  parts  of  the  firat 
to  202  parts  of  the  latter.  To  one  ton  weight  of  this  mixture, 
one  pound  of  sodium  is  added.  The  iron  is  suffered  to  remain 
in  this  hot  bath  until  it  assumes  the  temperature  of  the  melted 
metals,  when  it  is  found  to  be  coated  with  zinc.  The  feeble  af- 
finity of  these  two  metals  is  so  much  increased  by  this  peculiar 
treatment,  that  thin  sheets  of  iron,  or  iron  wire,  are  soon  entirely 
dissolved  in  the  metal  bath.  In  order  to  prevent  the  rapid  solu- 
tion of  iron,  the  zinc  is  partially  saturated  with  that  metal  before 
the  plates  are  immersed.  A  sheet  of  iron,  \  of  an  inch  thick, 
may  be  dissolved  in  a  few  seconds  when  hot.  Zinc  combined 
readily  with  bronze,  and  forms  a  hard,  close  metal,  which  is  ex- 
tremely useful  for  pans  to  run  shafts  in,  or  for  similar  purposes. 
Zinc  is  used  for  door-plates  and  knobs,  after  being  covered  by  a 
galvanic  process  with  a  strong  plating  of  silver. 

Manufacture  of  Zinc, — No  zinc  is,  as  yet,  smelted  in  this 
country ;  the  low  price  of  the  Europeai!  article  renders  it  un- 
necessary to  use  our  rich  deposits  of  this  ore.  For  these  reasons, 
we  are  compelled  to  describe  the  European  operation,  and  shall 
do  so  with  reference  to  the  labor  required  to  obtain  the  metal. 
All  zinc  ores,  except  the  red  oxide,  must  be  roasted  before  they 
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are  fit  for  reduction.  This  is  done  in  large  reverberatory  fur- 
naces, similar  to  those  in  which  copper,  tin,  or  lead  ores  are 
roasted  or  smelted.  The  hearth  of  such  a  fiimace  is  about  10 
feet  long,  and  8  feet  wide ;  and  the  ore^  coarsely  bruised,  is  spread 
in  a  uniform  layer  about  6  inches  thick  over  the  hearth.  The 
heat  is  to  be  moderate,  or  the  volatile  zinc  evaporates.  From 
four  to  five  hours'  roasting,  with  constant  stirring,  are  required, 
to  evaporate  water  and  carbonic  acid,  after  which  the  roasted  ore 
is  removed  from  the  furnace  to  be  mixed  with  culm,  smaU  coke, 
or  small  charcoal,  as  the  case  may  be.  About  80  to  86  per  cent 
in  weight  is  lost  in  this  operation,  and  the  bulk  is  diminished  in 
ratio.  In  order  to  save  this  labor,  the  ore  is  not  roasted  in  some 
parts  of  England,  but  well  picked  by  hand,  broken  into  pieces  of 
the  size  of  a  hickory  nut,  and  mixed  with  an  equal  volume  of 
small  stone-coal.  Not  much  is  gained  by  omitting  to  roast  the 
ore ;  it  is  in  this  case  more  bulky,  the  retorts  take  less  of  it,  and 
do  not  last  so  long  as  when  used  for  roasted  ore. 

In  some  parts  of  Europe,  England  and  Switzerland,  blende  is 
roasted  and  converted  into  metal.  This  ore,  after  being  crushed 
in  a  stamping-mill  and  washed,  is  brought  into  the  roasting-fur- 
nace,  which  is  of  a  similar  form  with  those  above-mentioned.  Of 
this  ore  less  can  be  roasted  at  once.  A  charge  consists  of  about 
a  ton  of  clean  ore ;  it  is  put  in  a  layer  of  only  8^  to  five  inches 
in  thickness  on  the  hearth-bottom.  Under  the  influence  of  a 
gentle  heat,  a  post  of  ore  takes  from  ten  to  twelve  hours  hard 
work  in  stirring  it  with  iron  rakes ;  after  which,  some  sulphur 
will  still  remain. 

Calamine  loses  about  85  per  cent,  by  calcination,  and  40  per 
cent  of  metal  is  obtained  from  the  roasted  ore.  A  ton  of  clean 
calamine  requires  five  hours  of  roasting ;  it  consumes  half  a  ton 
of  coal  to  a  ton  of  ore,  and  requires  the  incessant  work  of  three 
hands  during  this  time.  Blende  requires  twice  that  amount  of 
coal  and  work  to  roast  it  In  general  terms,  we  may  say,  that  a 
ton  of  blende  is  worth  about  half  as  much  as  a  ton  of  calamine 

« 

to  the  smelter. 

Silesian  Process, — A  large  deposit  of  zinc  nainerals  exists  in 
that  province  of  Germany  which  is  called  Silesia, — ^labor  there  is 
very  cheap,  and  consequently,  the  metal  is  produced  so  cheaply, 
tiiat  most  zinc  smelt-works  in  other  parts  of  the  world  are  out  of 
blast.  In  fig.  205  a  vertical  section  of  the  Silesian  reverberatory 
roasting  furnace  is  represented ;  in  which  A  shows  the  hopper  for 
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diftt^ii^ the  raw  ore ;  B  B  the  apertures  thmigh  iriiicli  tfaestir- 
ring  is  done,  and  C,  the  Aimace  or  fire-place.  In  fig.  206,  the  plan 
of  the  hearth,  gratey  and  a  section  of  the  chimney  is  shown.   About 


H  tons  of  calamine  are  charged  upon  the  hearth,  which  is  10  by 
8  feet.    It  reqoires  6  hours'  work  to  finish  a  heat,  and  25  per  cent. 


of  fuel  to  the  ore  are  consumed.    The  operation  demands  no  par- 
ticular care,  nor  skill. 

The  ore  when  removed  from  thia  furnace,  and  cold,  is  mixed 
with  an  equal  volume,  about  |  weight  of  culm, — bituminous  coal- 
slack — and  this  mixture  is  introduced  into  the  previoualj  heated 
muffles,  which  ought  to  be  red-hot.  The  ore  must  be  of  course 
dry,  or  warm,  to  prevent  a  cracking  of  the  muffles.  From  55  to 
60  pounds  of  roasted  ore  form  a  charge  for  a  mufiie.  The  muffles 
are  flattened  cylinders,  made  of  good  fire-clay,  which  is  generally 
ground  with  iragmeots  of  baked  clay,  old  fire-brick,  or  old  muf- 
fles. These  cylinders,  which  are  from  3  to  4  feet  in  length,  and 
6  inches  in  diameter,  are  moulded  over  a  pattern,  and  must  be 


PARTICCLAS  METALLintQIOAL  OFESATIONS. 


459 


dried  very  slowly ;  they  are  then  baked.  This  operatidn  Te^nires 
almost  a  week  to  complete  it ;  and  in  order  to  prevent  any  crftck- 
log  in  cooling,  the  hot  retorts  ftt«  oonv^ed  trom  tiie  bE^»«ven 
to  a  reverberatoy,  and  directly 
charged  with  the  ore.  Five  of 
these  retorts  are  deposited  in  one 
reverberatory  fttrnace  for  distilla- 
tion. The  plan  of  a  furnace  of  this 
kind  is  shown  in  flg.  207.  The' 
grate  is  long  so  aa  to  distribute  the  ] 
heat  uniformly  over  the  retorts, 
which  are  inserted  through  the 
opening  B.  These  furnaces  are 
generally  double,  with  five  retorts 
on  each  side  of  the  fire.  A  high 
fire-bridge  throws  the  heat  against 
the  roof,  as  shown  in  fig.  20S.  At 
one  end  the  muffles  are  closed  by  ; 
a  convex  bottom,  and  at  the  other 
or  front  end,  by  an  earthen  plate 
or  lid.  The  lid  is  provided  with 
two  openings,  one  near  the  bottom  of  the  retort,  and  the  other 
near  the  top ;  through  the  first  the  exhausted  ore  is  discharged 
and  also  fresh  ore  charged;  and  through  the  latter  the  neck  of 
the  receiver  is  inserted.    While  the  retort  is  in  operation  the 


lower  opening  is  closed  by  a  clay  slab.  The  receivere  are  stone- 
ware bottles,  connected  with  the  retort  by  curved  necks.  The 
fiumace  has  no  chimney,  smoke  and  gas  escape  from  B,  which  is 
walled  up,  loosely,  by  bricks  for  this  purpose.  These  furnaces 
are  provided  with  iron  binders,  to  prevent  any  injury  to  them  by 
expansion  and  contraction. 

The  operation  is  conducted  very  slowly,  at  a  cherry-red  heat, 
in  order  to  protect  the  retorts.  One  day  is  required  for  fixing  a 
chai^    In  this  manipulation,  1  ton  of  metal  oonsomes  from  6  to 
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8  tons  of  coal,  and  a  new  retort  will  last  for  the  ^fltjllation  of  1| 
tons  of  metal. 

Liege  Pnfcess. — Tliia  shows  an  apparatus  somewhat  more  oonr 
Tenient  for  distillation  than  the  above.  In  fig.  209,  a  vertical  bbo- 
tioQ  of  the  furnace  with  its  retorts  is  represented.  The  retorts 
A  A  A,  are  supported  at  one  end  by  brackets  of  fire-brick.  They 
are  8  feet  long,  and  &om  4  to  6  inches  in  diameter,  and  aqwUie 
c£  taking  a  charge  of  40  poonds  of  ore.  The  thickness  of  the  day 
in  these  pipes  is  f  of  an  inch.  In  one  furnace  there  are  2S  re- 
torts ;  they  are  placed  at  a  couple  of  inches  apart  irom  each  other, 


to  admit  of  the  passage  of  the  hot  gases  from  the  furnace  B.  The 
oven  is  in  the  interior  3  feet  by  4,  and  9  feet  high ;  including  the 
chimney  it  is  20  feet  high.  The  back  wail  must  be  very  strong, 
because  it  must  support  the  stack.  Over  the  retorts  there  is  an 
arch,  provided  with  some  10  or  12  small  Sues  to  distribute  the 
fire  uniformly.  Fig.  210  shows  a  front  view  of  the  oven,  witk 
the  arrangement  of  the  retorts  and  the  fire-place.  The  lower  re- 
torts rest  directly  upon  the  fire-arch,  and  receive  the  heat  throuf^ 
a  series  of  flues ;  the  fire  plays  thus  between  and  around  all  the 
tubes,  and  escapes  at  the  chimney.  An  opening,  with  a  door 
above  the  retorts  in  front  of  the  oven,  regulates  the  draft,  by  ad- 
mitting more  or  less  fresh  air  into  the  stock.  The  front  ends  of 
the  retorts  which  rest  on  iron  bars,  are  closed  by  lids  into  which 
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castiroa  oi  sIieet-iroD  receivera  are  fitted.  These  are  conical 
pipes,  of  1  or  IJ  inch  in  width  in  the  clear,  and  about  18  iDchee 
long,  to  vhich  frequently  an  addition  is  made,  according  to  the 
working  of  the  retorts.  The  metal  which  condenses  in  these 
gently  doping  pipea  is  raked  out  every  two  hours  to  prevent  their 
being  choked  up ;  a  blue  fiame  issues  constantly  &om  the  moutli 
of  these  pipes.  Twelve  hours  are  required  to  work  off  one  charge, 
after  which  the  retorts  are  cleared  out  and  recharged.  These 
ovens  cause  lees  labor  than  the  Silesian  furnaces,  and  are  economi- 
cal in  the  use  of  fuel. 

English  Process. — The  original  mode  of  distilling  zinc  in  Eng- 
land was  recommended  by  Watt.  The  mixture  of  ore  and  cnxl 
is  charged  into  large  crucibles,  which  are  provided  with  a  tube  in 
their  bottom,  through  which  the  liquefied  or  vaporous  zinc  is  con- 
ducted into  a  cold  receiver.    In  fig.  211  a  vertical  section  of  an 


English  furnace  is  represented.  These  furnaces  are  Bometimes 
round,  sometimes  square,  and  similar  in  form  to  a  glass  oven ; 
six  or  eight  crucibles,  A  A,  are  inserted  in  one  furnace.  The 
platform,  or  hearth  of  brick,  is  arched  over  with  a  cupola  of  fire- 
brick, which  is  provided  with  several  flues,  conducting  the  waste 
heat  into  a  conical  chimney,  by  which  means  the  draught  is  re- 
gulated. In  the  rough  wall  of  the  oven  there  are  as  many  large 
doorfi  as  pots  in  the  interior,  through  which  the  pots  are  set ;  and 
through  which  they  are  removed  when  defective.  Those  which 
are  made  of  fire-clay,  are  of  considerable  size,  and  after  being 
previously  heated  in  a  separate  ftumace  to  ignition,  they  are  put 
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in  by  means  of  machineiy,  sinular  to  that  iised  for  gli^  ^ 

is  the  fire-place,  and  below  it  is  the  ash-pit  The.  pots  are  pro- 
vided with  a  hole  in  the  centre  of  the  bottom,  which  is  do^  bj 
a  wooden  plug,  previously  to  being  charged  with  ore  and  ooaL 
The  wood  in  charring  forms  a  plug  of  charcoal,  which  pre- 
vents the  ore  firom  falling  through,  but  admits  of  the  passage 
of  the  metallic  vapors.  Below  the  pots  there  is  a  large  vault, 
to  admit  of  access  to  them.  An  iron  pipe  inserted  into  the 
bottom  of  a  pot  conducts  the  metal  into  a  receiver,  C  C,  filled  with 
water.  The  pots  are  charged  from  above,  through  an  aperture 
in  the  lid,  by  means  of  an  iron  tube  reaching  through  the  arclx. 
The  hole  in  the  lid  is  stopped  when  a  blue  flame  issues  from  it 
The  tubes  below  are  occasionally  cleaned  by  means  of  a  red-hot 
iron  rod,  to  prevent  them  from  becoming  filled  with  metal.  The 
residue  of  ore  and  coal,  after  all  the  metal  is  exhausted^  is  dis- 
charged through  the  bottom.  A  good  pot  lasts  fix>m  3  to  4  months^ 
and  one  charge  takes  fi'om  2  to  8  days'  time  for  exhaustion.  An 
oven  produces  about  1  ton  of  metal  each  week,  and  consimies  for 
that,  firom  11  to  12  tons  of  coal. 

One  smelter  and  two  laborers  conduct  the  operation;  they 
make  their  own  crucibles,  and  work  alternately  day  and  night 
The  expenses  thus  incurred  for  making  one  ton  of  metal,  may  be 
easily  calculated.  Pure  calamine  is  generally  expensive,  and  as 
one  ton  of  metal  requires  on  an  average  three  tons  of  pure  roasted 
ore,  the  cost  of  the  crude  metal  may  be  estimated  by  these 
data. 

The  theory  of  the  smelting  process  of  zinc  is  very  simple.  The 
oxide  of  zinc  mixed  with  carbon,  is  reduced  to  metal  on  being 
ignited ;  and  the  metal  being  volatile,  passes  in  the  form  of  vapor 
to  the  receiver,  and  condenses.  The  retorts  or  pots  must  be  air- 
tight, so  that  no  metal  may  escape  with  the  flame.  The  coal  used 
for  mixing  with  the  ore  must  be  soft;  charcoal,  or  which  is  better 
still,  bituminous  coal  in  small  pieces.  Pittsburg  coal  would  be 
best  for  this  operation. 

Refining. — The  metal  obtained  in  either  of  the  above  processes 
is  crude;  it  is  impure,  mixed  with  other  metals,  and  oxides  of 
other  metals.  This  crude  metal  is  re-melted  in  large  iron  pots, 
lined  in  the  interior  with  clay,  to  prevent  the  adulteration  of  zinc 
with  iron.  In  fig.  212  a  furnace  and  an  iron  smelting-pot  are  re- 
presented ;  three  or  more  pots  are  generally  filled  for  one  fire. 
The  cut  annexed  requires  no  particular  description.    The  heat 
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^plied  Bbotild  be  very  moderate,  uid  the  metal  is  cooled  \>j  mm- 
ceanre  additions  of  oold  metal  to  it.  Tteiowest  heat,  mid  pit): 
viouslj  warmed  moulds  are  requirod  to  make  aoit  meta^.  Iq  ttua 
operation,  arsoiie  and  other  volatile  motals  are  ev^xirated,  while 
oxides, .  as  thooe  of  iron,  rise  to  the  sur&ce 
and  may  be  removed.  The  purified  metal  is 
cast  into  moulds  bj  means  of  hot  iron  ladles, 
coated  with  clay  or  loam. 

Semar!ca. — All  the  zinc  of  commerce  con- 
tains iron,  lead,  copper,  cadmium,  tin,  and 
frequently  arsenic,  carbon,  and  sulphur.  The 
greater  the  impurity,  the  more  rapid  is  the 
oxidation  of  the  metal,  either  by  atmospherio 
influences,  or  by  acids  or  alkalies.  The  Chinese 
metal  is  the  poorest  article ;  German  zinc  is 
hard;  and,  generally  speaking,  the  Belgian 
zinc  may  be  considered  the  beat.  English 
zinc  is  not  in  market.  American  zmc  of 
prime  quality  has  been  exhibited,  but  we  are 
not  aware  that  any  considerable  quantity  of  ' 
it  has  been  manu&ctured. 

In  distilling  zinc,  two  distinct  qualities  are  generally  produced, 
whioh  are  kept  separate.  In  the  Liege  apparatus,  two  coadensitig 
pipes  are  ^plied.  The  one  nearest  the  retort  is  cast-iron,  and  in 
this  the  better  quality  is  condensed  in  the  form  of  grains.  To 
this  pipe  a  prolongation  of  sheet-iron  is  added  and  closely  fitted ; 
in  it  a  metal  of  gray  color  condenses,  wHch  is  more  impure 
than  the  first,  and  separates  &om  the  pipe  on  striking  it  The 
metal  &om  the  sheet-iron  pipes  is  re-distilled  in  the  retorts,  but 
without  the  addition  of  coal ;  it  is  always  an  impure  metal,  eren 
afiier  the  second  distillation.  It  contains  most  of  the  impurities 
lead,  copper,  and  iron,  and  it  is  remarkable  that  these  refractory 
metals  are  carried  farther  with  the  vapors,  than  the  pure  volatile 
zinc  itself.  The  cause  of  this  must  be  assigned  to  the  infiuenoe 
of  arsenic,  sulphur,  carbon,  chlorine,  and  similar  substances.  Im- 
pure zinc,  adulterated  with  a  little  lead  and  iron,  is  at  a  certain 
degree  of  heat  more  fluid  than  at  a  higher  heat;  it  shows  the 
same  phenomenon  aa  sulphur. 

There  is  no  absolute  necessity  for  roasting  calamine,  but  it  is 
found  more  economical  to  calcine  it  before  it  is  ground.  The 
roasted  ore  is  more  easily  crushed,  and  grinds  finer.    The  latter 
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operation  is  performed  in  a  Chilian  mill  represented  in  fig.  174^ 
and  often  ground  as  fine  as  flour.  The  calcined  ore  occupies  Ion 
space  than  that  which  is  crude,  and  works  fiister.  It  is  tedioua 
and  expensive  to  remove  the  sulphur  from  blende,  and  varioos 
means  have  been  advised  and  tried  for  the  purpose,  of  which  the 
cheapest  is  to  expose  the  ore  in  large  lumps  to  the  heat  of  a  roas^ 
oven,  similar  in  form  to  a  lime-kiln.  Little  fiiel  is  required  in 
this  operation,  because  the  sulphur  chiefly  fiimishes  it;  but  it  is 
one  of  the  conditions  that  ore  and  fuel  should  be  in  lumps,  to  ad* 
mit  of  the  passage  of  air.  Coke  in  lumps,  or  rather,  anthracite 
coal  is  here  the  best  fuel.  In  this  operation  only  little  labor  is  re- 
quired ;  and  if  it  should  happen  that  all  the  ore  is  not  perfectly 
oxidized,  the  light  oxide  of  zinc  is  easily  separated  from  the  sol- 
phuret,  and  the  latter  may  be  returned  to  the  kiln. 

Besidue  of  the  Distillation. — When  the  metal  has  so  fiur  been 
extracted  &om  the  ore  as  the  fragile  nature  of  the  retorts  will  ad- 
mit, there  remains  a  mass  composed  of  various  metalUc  oxides, 
silver,  and  carbon.  It  is  generally  in  the  form  of  a  powder,  a 
little  altered  from  the  ore  by  heat,  and  contains  zinc  metal,  and 
zinc  oxide,  iron  and  iron  oxide,  silicate  of  zinc,  sulphuret  of  zinc, 
lead,  copper,  manganese,  carbon,  and  clay,  in  various  proportiona 
These  substances  are  of  little  value,  and  are  thrown  away. 

When  ores  of  other  metals,  such  as  iron,  copper,  and  lead,  are 
smelted  in  blast  furnaces,  and  they  contain  zinc,  the  latter  is  de- 
posited near  the  top  of  the  furnace  as  a  rich  pure  oxide,  in  the 
form  of  a  solid  concretion,  which  in  some  instances  accimiulates 
to  such  an  extent  as  to  obstruct  the  passage.  These  concretions 
generally  contain,  besides  the  oxide  of  zinc,  all  those  metals  which 
are  present  in  the  ore,  but  generally  in  small  quantities. 

Rolling  of  Zinc. — This  metal  is  extensively  used  in  the  form 
of  sheets,  and  as  these  must  be  ductile,  some  caution  is  required 
in  their  manufacture.  The  metal  to  be  rolled  is  cast  in  plates  of 
one  inch  in  thickness,  in  stone  moulds.  The  plates  are  heated  to 
a  temperature  between  230°  and  300^  before  they  are  put  between 
the  rollers.  The  rollers, — which  are  of  a  similar  form  to  those 
by  which  iron  is  rolled — are  also  heated;  and  zinc  and  rollers  are 
greased  with  oil  or  fat.  A  small  per  cent,  of  lead  added  to  the 
zinc,  causes  the  sheets  to  be  more  malleable.  When  the  sheets 
are  reduced  to  No.  9  or  10  of  the  wire  gauge,  two,  three,  or  four 
sheets  are  packed  and  pushed  together  through  the  rollers.  Dur- 
ing this  operation  the  heat  of  the  sheets  should  not  change,  and 
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when  finished,  they  are  cooled  slowly  in  a  tempering  oven.    The 
production  of  zinc  in  Europe  may  amount  to  20,000  tons. 

Oadmium. — ^This  metal,  as  well  as  zinc,  does  not  occur  native; 
and  it  is  as  yet  doubtful  if  an  ore  of  cadmimn  exists.  Cadmium 
is  always  found  accompanying  the  ores  of  zinc,  some  specimens  o£ 
which  contain  from  2  to  12  per  cent,  of  this  metal.  Blende  always 
contains  more  cadmium  than  calamine ;  an  ore  of  it,  at  Shelbume, 
N.  BL,  furnished  8*1  per  cent.  As  blende  is  a  very  common  ore 
in  this  country,  it  may  be  worth  while  to  pay  some  attention  to 
this  ingredient  of  it. 

Gadmiimi  is  a  beautiful  metal ;  it  has  the  color  and  lustre  of 
tin,  and  is  susceptible  of  a  fine  polish.  It  is  soft,  malleable,  and 
soils  the  fingers  or  paper  like  lead ;  it  is  harder  and  stronger  than 
tin,  and  produces  the  tin-cry  like  that  metaL  Cadmium  is  very 
ductile ;  it  may  be  drawn  into  wires,  or  hammered  into  foil  like 
copper  ;  its  sp.  gr.  is  8*6.  It  is  very  fiisible,  like  zinc,  but  more 
volatile — ^in  fact,  it  volatilizes  at  a  heat  at  which  mercury  evapo- 
rates. Air  does  not  alter  it,  but  when  heated  it  oxidizes  and 
bums  with  a  brown  smoke. 

AUoya. — Cadmium  is  very  soft  and  malleable,  and  still  all  its 
alloys  are  brittle.  Its  combinations  are  not  distinguished  for 
fluidity.  At  those  heats  at  which  the  alloys  melt,  cadmium 
evaporates.  It  has  great  affinity  for  mercury,  and  crystallizes 
with  it.  The  combinations  of  platina,  copper,  and  other  metah 
with  cadmium,  are  brittle  and  hard.  The  cause  of  these  hard 
alloys  from  a  metal  which  is  in  itself  soft,  must  be  foimji  in  its 
volatile  nature  and  want  of  affinity.  When  it  is  melted  with  any 
other  metal,  there  is  a  tendency  on  its  part  to  evaporate.  Tl»d 
slight  affinity  of  cadmium  for  other  metals,  and  its  volatility, 
cailse  a  separation  of  its  atoms  from  those  of  the  other  metal, 
and  no  intimate  union  can  be  formed.  If,  therefore,  the  alloy 
oools,  there  are  spaces  between  the  crystals  which  have  been 
occupied  by  the  expanded  atoms  of  cadmium,  and  in  cooling, 
these  are  not  filled  again,  this  causes  brittleness.  We  should  not 
have  alluded  to  these  alloys  of  cadmium,  if  it  had  not  afforded 
an  opportunity  to  illustrate  the  nature  of  alloys.  We  see  here 
that  affinity  and  permanence  are  essential  conditions  in  the 
formation  of  strong  aUoys. 

Uses  of  Cadmium, — ^But  little  use  has  been  made  of  this  metal, 
chiefly  because  it  is  not  found  in  so  large  quantities  as  to  admit  of 
its  being  manufactured  on  an  extensive  scale.    Its  combinations 
30 
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with  oxygen,  sulphur,  or  acids,  have  been  employed  in  the  arte 
to  some  extent 

Mimafactwre, — Since  no  particular  ore  of  cadmium  is  known, 
the  metal  is  obtained  fix>m  zinc  ores,  zinc  metal,  or  fix>m  tl)^ 
vapors  which  escape  first  in  distilling  zinc.  The  biown  yapois 
which  are  observed  issuing  from  a  fresh  charge  of  zinc  prOi  or 
zinc  ore  when  exposed  to  roasting  in  the  presence  of  carbon,  are 
chiefly  cadmium.  These  condensed  vapors  contain  firequently 
from  10  to  20  per  cent  of  the  metal.  Frcxn  such  substances 
cadmium  is  extracted  by  acids  and  precipitated  by  sulphuretted 
bydrogen,  and  treated  as  zinc  ore.  In  distilling  sdnc  on  the  Eng- 
lish plan,  cadmium  may  be  gathered  in  the  condenser  before  any 
zinc  appears. 


CHAPTER   V. 

Ma/ngcmese  Ptofperties, — ^This  metal  is  not  easily  produced 
by  itself;  it  is  extremely  refractory,  and  has  a  strong  affinity 
for  oxygen.  It  may  be  produced  by  mixing  one  of  its  ox- 
ides with  lampblack  and  oil,  and  exposing  it  to  the  strongest 
heat  in  a  coal-lined  crucible.  The  metal  thus  obtained  is  not 
pure,  it  contains  carbon.  Manganese  metal  is  soft  and  brittle ; 
its  sp.  gr.  is  7  or  8 ;  it  is  very  oxidizable,  but  slowly  in  cold, 
although  rapidly  in  warm  water,  or  acid  water.  It  resembles 
iron,  cobalt,  and  nickel  very  much,  and  combines  with  these 
easily ;  which  may  be  caused  not  so  much  by  affinity  as  a  simi- 
larity in  properties — ^particularly  in  their  relation  to  heat,  and 
melting.  On  the  other  hand,  it  resembles  very  much  the  alka- 
line metals ;  and  in  respect  to  forming  slag,  the  most  important 
office  it  performs  for  the  metallurgist,  it  ought  to  be  classed  with 
the  alkalies.    It  does  not  occur  native. 

Ores. — There  is  but  one  ore  of  manganese  which  is  of  practical 
use ;  and  that  is  the  binoxide,  or  hyperoxide,  black-manganese. 
This  is  a  black-brown,  shining  substance — ^amorphous — and  con- 
tains, when  pure,  63*6  per  cent  of  metaL  The  most  valuable 
kind  of  this  mineral  is  the  crystallized  variety,  called  gray  man- 
ganese— ^pyrdusite.  These  ores  are  generally  adulterated  with 
iron,  alumina  and  quartz,  and  contain  water :  sp.  gr.  4*8  to  4*88. 
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Manganese,  in  a  yariety  of  forms,  occurs  in  the  United  States — 
particularly  in  Yermont,  Massachusetts,  New  Hampshire,  Con- 
necticut, Pennsylvania,  Virginia,  North  Carolina,  Michigan,  Ohio, 
Missouri,  Arkansas,  and  others.  There  are  other  native  com- 
pounds of  manganese,  but  these  are  of  little  practical  application. 

Alloys. — ^The  only  use  made  of  manganese  is  in  an  alloy  with 
other  metals,  particxdarly  iron ;  and  as  it  has  a  peculiar  affinity  fiir 
that  metal,  we  observe  it  in'  most  iron  ores,  and  consequently  in 
crude  iron.  It  combines  readily  with  phosphorus,  carbon,  or  sili- 
con, ahdibrms  with  the  latter  substance  an  alloy  which  resists  the 
attack^ of ioitro-chlorohydric acid — aquafortis — successftdly.  We 
may  here  observe,  that  it  is  not  the  relation  which  the  elements 
of  an  alloy  bear  to  oxygen,  which  causes  it  to  resist  the  attacks 
of  acids,  but  the  compactness  of  the  metaL  Manganese  is  as 
oxidizable  almost  as  potassium,  and  silicon  is  easily  attacked  by 
oxygen.  A  compound  of  the  two  is  as  durable  as  gold,  and  is 
not  touched  by  the  strongest  adds.  We  have  spoken  of  this 
property  of  alloys  before,  and  merely  allude  to  it  here  as  the  op- 
portunity occurs.  Manganese  melts  with  all  other  metals,  and 
causes  hardness.  It  imparts  to  iron  whiteness,  and  causes  it  to 
become  hard  and  brittle.  It  is  found  in  very  small  quantities  in 
good  steel,  not  often  in  wrought-iron.  A  little  iron  in  manga> 
nese  improves  its  resistance  to  the  attacks  of  oxygen,  and  causes 
it  to  be  magnetic  We  do  not  know  if  it  may  be  combined  with 
zinc,  antimony,  or  lead ;  but  suppose  so,  if  the  operation  is  per- 
formed under  proper  conditions. 

Manganese  is  very  refractory,  and  has  a  strong  affinity  for 
oxygen ;  its  protoxide  forms  one  of  the  most  powerful  bases  in 
silicates  with  which  we  are  acquainted — ^in  fact,  it  cannot  be  re- 
duced in  the  presence  of  silex.  As  the  formation  of  slags  is  all- 
important  in  metallurgy,  manganese  becomes — ^if  not  as  a  metal, 
as  an  oxide--one  of  the  most  useM  substances  in  smelting  opera- 
tions. In  the  progress  of  this  work,  we  shall  find  many  opportu-^ 
nities  of  alluding  to  it  again. 

Iron. — There  are  two  distinct  varieties  of  iron ;  one  is  a  fibrous 
metal,  or  wrought  iron ;  and  the  other,  a  granulated  or  crystal- 
lized metal^  cast-iron  or  steel.  These  varieties  of  iron* are  sub** 
divided,  as  we  shall  explain  hereafter.  All  iron  of  oonmierce  is 
impure ;  in  tact^  a  pure  article  woxdd  not  serve  the  uses  to  which 
iron  is  commonly  applied.  Pure  iron  is  silver-white,  of  a  very 
agreeable,  mild,  and  at  the  same  time  brilliant  lustre,  and  of  a 
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fibrous  fracture.  It  assumes  a  high  polish,  particularly  wheii 
rubbed  with  a  hard,  well-polished  substance.  Iron  is  easily  tax^ 
nished;  it  has  great  affinity  for  oxygen,  and  acids  dissolve  it 
rapidly.  Alkalies,  in  whatever  form  they  may  be,  protect  it 
remarkably  well  against  corrosion ;  its  sp.  gr.  is  7*78.  It  is  ihe 
most  tenacious  of  the  metals,  very  soft  when  pure ;  but  becomes 
extremely  hard  when  alloyed  with  other  metals,  or  any  sub- 
stance which  combines  chemically  with  it  It  is  singularly 
affected  by  magnetic  currents ;  no  other  metal  is  more  senedtive 
to  that  force  than  iron.  Its  susceptibility  for  oxygen,  or  it  may 
be  another  cause,  imparts  a  disagreeable  taste  to  pure  iron,  when 
touched  to  the  tongue.  It  also  emits  a  peculiar  smell  when 
strongly  rubbed.  Iron  has  so  great  an  affinity  for  other  mattCET, 
that  ita  existence  in  a  pure  condition  is  very  doubtful ;  at  least 
that  presented  by  chemists,  and  obtained  by  them  from  wire* 
scraps,  filings,  hammer-scales,  or  similar  means,  cannot  be  pure. 
The  only  means  of  obtaining  pure  iron,  is  to  reduce  pure  oxide 
of  iron  in  a  glass  tube  by  means  of  hydrogen ;  but  the  iron  thus 
obtained  is  in  the  form  of  a  fine  powder,  and  oxidizes  when  ex* 
posed  to  atmospheric  air.  When  the  heat  in  this  operation  is 
raised  to  redness  oij  the  oxide,  before  hydrogen  is  applied,  the 
metal  agglutinates  into  a  gray  porous  mass,  which  is  not  much 
affected  by  cold  atmospheric  air.  Another  method  of  obtaining 
pure  iron  is  by  the  galvano-plastic  process.  All  experiments 
which  have  been  made  to  obtain  it,  are  indicative  of  its  being  in- 
fusible when  freed  from  foreign  matter ;  the  degree  of  heat  at 
which  it  is  fused,  increases  with  its  degree  of  purity.  In  practice 
we  have  impure  iron  exclusively,  and  all  oiir  investigations  are 
confined  to  alloys  of  iron ;  and  as  this  metal  is  extremely  sensi- 
tive to  other  substances,  and  as  the  kind  of  matter  and  the  form 
in  which  it  is  present  in  iron,  are  conditions  of  its  quality — ^and  as 
further,  this  metal  is  the  most  important  in  our  investigations,  we 
shall  enter  somewhat  into  detail  in  this  chapter. 

Ores, — Iron  ores  are  profusely  scattered  over  the  globe ;  and 
our  own  country  has  been  abundantly  supplied.  If  it  is  true 
that  this  metal  exerts  a  peculiarly  powerful  influence  in  the  ad- 
vancement of  the  human  race,  the  United  States  are  under  special 
obligations  to  Providence  for  His  bountiful  supply  of  it 

Native  Iron, — Iron  occurs  in  a  native  state.  It  is  stated  that 
a  lamina  of  it  was  found  in  Canaan,  Conn.,  attached  to  a  mass  of 
mica-slate  rock.    It  has  been  found  also  in  some  parts  of  Europe. 
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But,  although,  this  may  be  as  recorded,  the  native  iron  is  so  small 
in  quantity  as  to  be  of  no  practical  use.  Native  iron  is  also  found 
in  meteoric  stones,  which  consist  chiefly  of  iron  and  nickel ;  but 
these  substance  are  of  no  interest  to  us.  Iron  combined  with 
oxygen,  carbon,  carbonic  acid,  and  some  other  substances,  is  the 
form  which  arrests  our  attention. 

So  great  is  the  affinity  of  iron  for  other  substances,  that  its 
ores  seldom  occur  in  a  pure  condition ;  and  as  the  foreign  matters 
form  the  quality  of  the  metal  smelted  from  the  ores,  it  is  evident 
that  each  peculiarity  of  the  ore  is  imparted  to  the  iron  manufac- 
tured from  it  Those  minerals  which  contain  at  least  20  per  cent 
of  metal,  are  considered  ores ;  if  they  contain  less,  they  are  de- 
nominated fluxes.  The  richest  and  purest  ores,  are  foimd  in  the 
primitive  rocks.  But  as  some  ores,  of  more  recent  origin,  form  a 
metal  peculiarly  qualified  for  certain  purposes,  they  are  not  less 
valuable  than  the  former.  Those  minerals  which  constitute  use- 
ful iron  ores,  we  shall  here  proceed  to  notice. 

Magnetic  iron  ore  ;  loadstone^  or,  in  simple  terms,  magnetic  ore, — 
This  occurs  crystallized,  and  also  granular,  earthy,  and  compact 
Its  sp.  gr.  is  5'09.  It  is  of  a  black  color,  metallic  lustre,  opaque, 
hard,  brittle,  and  forms  always  a  black  powder,  when  rubbed  or 
pulverized.  It  is  attracted  by  the  magnet,  and  is  fusible  in  a 
very  strong  heat.  When  pure,  it  contains  from  69  to  71*6  per 
cent  of  metal.  Some  of  these  ores  are  hydrates,  and  contain  7 
per  cent  of  water ;  and  in  this  case,  the  metallic  contents  are 
diminished  in  ratio.  Very  extensive  beds  and  veins  of  it  are 
found  in  the  counties  of  Warren,  Essex,  and  Clinton,  in  the  State 
of  New-York.  Imbedded  in  granite,  syenite,  and  syenitic  rocka, 
it  occurs  in  Orange,  Putnam,  Saratoga,  Herkimer,  and  other 
oounties  in  New- York ;  in  New  Jersey,  Pennsylvania,  Virginia, 
Vermont,  New  Hampshire,  Connecticut,  Arkansas,  Missouri,  and 
we  may  add,  in  most  States  of  the  Union.  No  kind  of  ore  is  more 
generally  difiused  in  the  United  States,  either  in  larger  quantities 
or  better  quality.  The  Swedish  iron,  so  justly  celebrated  for 
its  good  qualities,  is  chiefly  manufactured  from  magnetic  ore. 

The  purest  kinds  of  this  ore  furnish,  by  good  management  of 
the  furnace,  about  70  per  cent,  of  crude  iron ;  on  an  average  we 
may  calculate  on  60  to  55  per  cent  of  metal  A  specimen  of  this 
ore  from  Lake  Champlain,  furnished  by  analysis, 
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Protoxide  of  iron  .  •  .  .  17*9 
Peroxide  "  "  ...  .  81-8 
Alumina  and  Silica (hS 

and  a  specimen  from  South  Carolina  69*5,  protoxide  and  perox- 
ide, 1*5  alumina,  20*0  silica.  The  first  variety  may  be.  considered 
a  very  pure,  and  the  latter  an  impure,  ore  of  it. 

To  this  class  of  iron  ores  we  may  also  rangp  those  magnetic 
ores  which  contain  titanic  acid.  This  substance  is  fi^uently 
found  in  the  magnetic  ores  of  New- York,  amounting  ^m  1  to 
10  per  cent  of  them,  and  in  single  specimens  even  more.  A 
specimen  of  ore  from  Lake  Champlain  furnished  in  lOO  parts, 

Peroxide  of  iron 70KK) 

Protoxide"    " 12-31 

Phosphoric  and  titanic  acids       .        .        •  6*19 

Silica -86 

Manganese "SS 

This  ore.  is  also  found  to  contain,  frequently,  iron  pyrites,,  galena, 
blende,  arseniuret,  copper  pyrites,  heavy  spar,  and  other  more  or 
less  injurious  substances.    We  shall  allude  to  it  again. 

Bed  oocide  of  iron  ;  peroxide  of  iron ;  specular  ore ;  red  hema- 
tite ;  micaceous  ore.  This  iron  ore  occurs  in  nearly  all  geologi* 
cal  formations,  and  the  crystallized  variety  chiefly  in  primitive 
and  metamorphic  rock.  It  has  been  discovered,  in  late  years,  to 
exist  in  great  abundance  in  the  United  States,  and  in  immense 
masses  at  Lake  Superior,  and  in  the  States  of  Missouri,  Maine, 
New- York,  Pennsylvania,  Virginia,  Arkansas,  and  others. 
This  ore  is  also  found  massive,  and  as  red  ochre,  combined  with 
day,  shells,  and  other  substances.  Eeddle  is  an  impure  kind  oi 
it.  It  is  easily  distinguished  from  other  ores,  by  affording  a  rod 
powder  when  rubbed  upon  a  white  substance ;  but  as  some  of 
the  varieties  are  very  hard,  and  others  feel  unctuous,  like  graph- 
ite,  a  hard  substance — ^white  porcelain — is  required  to  bring  out 
the  color.  The  crystallized  varieties  are  generally  pure  and  very 
hard,  and  may  furnish  70  per  cent,  of  metal ;  its  sp.  gr.  is  4*5  to 
5*8 ;  the  compact  ore  is  4*2.  The  crystals  are  of  great  lustre, 
brown,  often  black ;  the  massive  varieties  are  sometimes  earthy 
and  red,  or  brown-red.  In  thin  laminae,  the  ore  is  translucent^ 
and  of  a  bright  red  color.  Some  kinds  of  it  are  attracted  by  the 
magnet,  which  may  be  caused  by  partibles  of  magnetic  ore. 
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With  tltifl  kind  of  ore  are  aLso  olassed  the  different  argilaoeons 
ores,  wiuch  frequently  areso  poor  in  metal  as  to  contain  only  6 
or  10  per  cent^  but  are  neyertheleas  of  a  perfecdy  red,  often 
brown-red  color. 

The  finest  spteimensof  this  ore  occur  in  the  immense  depoailB 
at  Lake  Superior,  at  the  iron  moimtains  in  Missouri^  and  in  Ar- 
kansas. Compact,  and  ochery-red  ore,  are  found  and  woiked  in 
New-York,  .New  Jersey,  Maine,  Pennsylvania,  Virginia,  and 
other  &ates.  All  this  kind  of  ore  furnishes  asuperior  quality  of 
iron,  which  ia  distinguished  for  tenacity  and  softness. 

A  specimen  of  brown,  or  red-brown,  fossiliferous  iron  ore^ 
which  is  smelted  in  Pennsylyania,  and  Wayne  county,  New 
York,  contained, 

Peroxide  of  iron 51'50 

Carb  of  lime  (shells)           .        .        .        .  24-60 

Oarb.  of  magnesia 7*75 

Klica 6-00 

Alumina    .......  7*60 

Mbisture 2*76 

•On  an  average,  these  ores  ftimish  from  86  to  60  per  cent  of  iron^ 
Those  which  furnish  less  than  SO  per  cent  of  metal  are  generally 
not  smelted.  Some  of  them,  particularly  those  in  the  Southern 
States,  are  the  result  of  the  decomposition  of  pyrites,  and  the 
ore-beds  show  iron  pyrites  below  the  water  levels.  These  ores 
also  contain  titanic  acid,  as  is  seen  in  some  of  the  Pennsylvania 
ores;  they  are  then  very  refractory.  Alumina  is  the  most  gen- 
eral companion  of  these  ores,  and  may  be  considered  one  of  the 
causes  of  the  good  quality  of  the  iron  which  they  furnish. 

Brown  hematite  ;  hydrated  oxide  of  iron ;  brown  and  yellow 
ore ;  bog-ore ;  pipeore ;  prismatic  ore.  This  is  a  v^  abimdant 
iron  ore,  and  a  source  of  cheap  metal ;  it  forms  the  bulk  of  ore  in 
tkis  country.  Hematite  is  essentially  a  hydrated  peroxide,  with 
definite  quantities  of  water,  which  vary  from  9  to  18  per  cent 
In  its  purest  form  it  contains  from  60  to  62  per  cent  of  metaL 
The  varieties  of  this  ore  are  very  numerous ;  it  occurs  in  all 
shades  of  color,  from  black  to  a  fidnt  yellow.  The  brown  or 
black  fibrous  ore  is  of  the  best  quality,  but  the  compact  kinds  are 
more  or  less  adulterated  with  silica  and  alumina,  generally  with 
the  first  Bog-ore  often  contains  from  ^  to  }  per  cent  of  phoflr 
phorua    Yellow  ores  are  mingled  with  day,  lime,  magnesia,  and 
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other  substances;  the  brown  ore  often  contains  large  qiianiities 
of  manganese,  from  which  no  ore  of  this  kind  is  entirely  fiea 
The  powder  of  all  the  varieties  of  this  ore  is  yellow. 

All  these  ores  are  of  recent  or^in.  They  are  the  resptdt  of 
ihe  decomposition  of  pyrites,  carbonates,  arseniurets,  and  oiker 
compounds  of  iron,  and  often  assume  the  forms  of  vegetable 
or  animal  remains. 

It  is  impossible  to  mention  all  the  localities  where  this  oie 
occurs  in  the  United  States,  but  probably  it  is  most  abundant  in 
the  coal  regions  of  Pennsylvania;  Still,  there  is  so  much  of  it  in 
the  Union,  that  we  do  not  wish  to  speak  in  favor  of  any  locally. 
Ore  of  the  best  quality  may  be  found  at  Salisbury  and  Kent^ 
Connecticut,  and  at  Amenia,  New- York ;  a  specimen  from  tJie 
latter  place  yielded  peroxide  of  iron  82*90,  silica  and  alumina 
8*60,  water  18*50,  and  a  trace  of  oxide  of  manganese.  Sp.  gr. 
8*8.  Ore  fix)m  Maryland  yielded  86*32  peroxide  of  iron,  10*80 
water,  and  2*88  silica.  Another  from  Maine,  Aroostook  river, 
76*8  peroxide  of  iron,  10  water,  4.8  silica,  and  8*2  manganese. 
The  best  kinds  of  this  ore  from  th^  coal  formations,  which  are 
generally  the  result  of  the  decomposition  of  the  argila^eous  car- 
bonates, contain  on  an  average  not  more  than  SO  per  cent,  of 
metal.  They  generally  are  mixed  with  a  variety  of  foreign  sub- 
stances, as  the  following  specimen  from  Westmoreland  county, 
Pennsylvania,  shows : 

Peroxide  of  iron 77*00 

Oxide  of  Manganese 4*50 

Alumina            -50 

Organic  matter 1-22 

Water     * 12*00 

Silica 4*00 

Fine  beds  of  the  ore  exist  in  Alabama,  Tennessee,  Kentucky, 
Ohio,  and  other  States ;  in  the  two  first  the  deposits  are  ofMn 
extensive. 

Sparry-ore^  crystallized  carbonate  of  iron.  This  is  protoxide 
of  iron  in  combination  with  carbonic  acid.  This  ore  most  fre- 
quently contains  also  carbonate  of  manganese,  and  carbonate  of 
magnesia.  When  perfectly  pure,  it  ought  to  consist  of  62*1  pro- 
toxide of  iron,  and  87.9  carbonic  acid,  which  is  equal  to  48*8 
parts  of  metal.  The  color  of  this  ore  is  white,  yellowish,  and 
often  of  a  reddish  hue,  or  flesh-colored.     There  are  also  fine 
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brown  varieties,  which  may  be  considered  partly  oxides;  and 
often  the  whole  mass  is  thoroughly  oxidized,  and  still  retains  its 
lustre  and  form  of  crystals.  Its  sp.  gr.  is  3*7  to  8*8 ;  its  lustre 
vitreous,  and  the  streak  or  powder  white.  This  ore  is  in  some 
specimens  translucent,  particularly  in  thin  scales.  It  is  hard  and 
brittle. 

It  is  a  very  interesting  species  of  iron  ore ;  when  pure  it  forms 
good  steel  with  the  greatest  facility ;  in  fact,  it  is  converted  into 
steel  with  less  labor  than  into  fibrous  iron.  German  steel  is  ex* 
dusively  manufactured  of  this  ore,  from  the  pure  varieties  of 
Styria  and  western  Germany ;  for  these  reasons  it  is  called  sted 
ore.  Notwithstanding  this  ore  bears  a  high  reputation  as  an 
element  fi>r  the  manufacture  of  steel,  yet  cheap  steel  can  never 
be  made  firom  it,  nor  good  steel,  unless  it  is  treated  with  particur 
lar  care.  But  it  is  adapted  to  produce  the  strongest  and  most 
fibrous  kinds  of  wrought  iron,  of  which  we  shall  speak  here* 
after. 

This  ore  is  very  abimdant  in  Europe,  but  not  in  this  country; 
and  to  our  knowledge,  no  iron  of  any  amount  is  at  present  manu- 
factured here  from  it  Some  attempts  have  been  made  in.  the 
New  England  States  to  smelt  it,  but  with  little  success.  Sparry 
ore  is  found  in  Vermont ;  and  that  fix)m  Plymouth  furnished  bj 
analysis, — carb.  of  iron  74*28,  carb.  of  magnesia  16"40,  carb.  of 
manganese  6*56,  and  oxide  of  iron  '8.  It  also  occurs  to  some  extent 
at  Boxbury.  It  is  stated  that  a  vein  at  that  place  is  4|  feet 
thick,  and  that  the  ore  is  converted  into  iron  at  a  blast-fumaoe. 
erected  for  the  purpose.  It  is  found  in  Massachusetts,  New- York, 
and  North  Carolina ;  at  Conrad  Hill  gold-mine,  where  it  is  min- 
gled with  gold,  copper  and  iron  pyrites,  galena,  and  various  other 
minerals.  In  Missouri  and  Arkansas  sparry  ore  occurs,  but  it  is 
not  worked.  This  ore  is  most  generally  impure ;  it  is  usually 
mingled  with  pyrites,  and  sulphurets  of  various  descriptions, 
which  of  course  render  the  iron  manufactured  of  it  of  less  value 
than  other  and  purer  kinds  of  iron. 

Argillaceous  ore  ;  compact  carbonate  of  iron.  This  ore  occurs 
chiefly  in  the  coal  formations,  but  its  presence  is  not  confined  to 
these  localities.  When  oxidized,  it  forms  hydrated  oxides,  brown 
or  yellow  hematites ;  it  is  from  these  that  the  iron  of  Pennsylva* 
nia  is  chiefly  manufactured.  In  its  original  form  it  is  found  in 
round  or  flattened  lumps,  spheroids,  imbedded  in  clay,  clay-slate^ 
sandstone,  shale,  or  limestone,  and  arranged  in  regular  veins. 
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These  balls  range  from  globules  of  the  size  of  peas  to  masses  of 
two  and  more  tons  in  weight ;  but  as  there  are  often  large  quan- 
tities of  dead  slate  between  the  balls,  the  ore  is  expensive,  how- 
ever soft  the  shale  may  be.  When  the  spheroids  oxidize,  liie 
oxide  assumes  the  form  of  shells  ranged  in  circular  layers,  like  an 
onion.  It  appears  that  the  oxidation  progresses  either  by  pe- 
riods, or,  that  at  one  time  of  the  process  more  of  the  impurities  are 
removed  than  at  others,  which  causes  a  different  density  in  the 
hydrated  oxide,  and  a  consequent  formation  of  strata.  This  ore 
does  not  often  contain  more  than  33  per  cent  of  metal.  Its  com- 
po^tion  is  that  of  the  sparry  ore,  but  it  contains  always  some 
alumina  (whence  its  name),  and  some  silica,  and  lime.  The  ore, 
when  dried  or  roasted,  emits  the  peculiar  argillaceous  odor  inci- 
dent to  clay  and  clay  ores.  Its  color  is  gray,  often  yellowish- 
brown  or  blue.  When  in  compact  veins,  it  resembles  limestone 
very  much,  in  color  and  fracture,  but  is  heavier  and  harder,  fot 
which  reasons  it  is  generally  denominated  limestone-ore  in  the 
western  coal-fields.  Its  fracture  is  always  close-grained.  Sp.  gr. 
•8  to  8-5. 

This  ore  is  not  much  used  in  its  natural  form,  however  ex- 
tensively the  oxide  resulting  from  its  decomposition  is  smelted. 
The  extraction  of  it,  occurring  mostly  in  small  veins  of  one  to 
two  feet  in  thickness,  is  rather  expensive,  and  so  long  as  its  out- 
crops or  beds,  where  the  latter  have  been  deposited,  are  not  ex- 
hausted, our  smelters  will  not  be  inclined  to  work  the  carbonate. 
Besides  the  expenses  of  raising  this  ore,  those  of  roasting  and 
smelting  are  always  greater  than  for  the  hydrates. 

A  specimen  of  this  ore  from  the  anthracite  coal  region  near 
Pottsville,  Pa.,  ftimished  protoxide  of  iron  48*98,  lime  and  mag* 
nesia  2-40,  carb.  acid  20*20,  silica  23-75,  alumma  2-26.  The  fol- 
lowing is  the  assay  of  an  ore  from  the  western  coal-field,  Mercer 
county.  Pa., — carbonate  of  iron  84-24,  carb.  of  manganese  1*88, 
carb.  of  lime  4*38,  alumina  -89,  silica  7-06,  water  2-10.  A  fine 
quality  of  this  kind  of  ore  is  extensively  smelted  in  Maryland ; 
it  is  found  in  the  tertiary  deposits  near  Baltimore,  imbedded  in  a 
tough  clay,  in  horizontal  layers  near  the  surface  of  the  ground, 
and  seldom  extending  to  the  depth  of  fifty  feet.  The  ore,  evi- 
dently carried  by  floods  from  the  coal  region,  is  found  associated 
with  well-preserved  trunks  of  trees,  and  other  vegetable  matter. 
It  is  very  pure,  close  and  compact,  and  ftirnishes  a  superior  iron 
for  the  forge. 
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The  above-mentioned  species  form  the  only  valuable  minerals 
for  the  manu£stcture  of  iron  in  this  coontiy.  Other  oomponnds 
of  iron,  such  as  pyrites,  arsenical  iron,  carburet  of  iron^  phoa* 
phates,  sulphates,  chromateSj  muriates,  titanates,  and  silicates  of 
iron,  are  incidental  admixtures  to  these  ores;  they  neyer  are 
smelted  by  themselves.  All  of  them  are  more  or  less  injurious 
to  the  quality  of  the  metal. 

In  respect  to  the  action  of  the  ores  in  the  fbmace,  they  aie 
generally  divided  into  refractory  and  fiisible*  The  latter  are 
those  porous,  spongy  ores,  which  easily  combine  with  carbon  and 
form  gray  iron ;  all  the  hydrates  and  some  of  the  soft  red  Qxides. 
belong  to  this  class.  Magnetic  ore,  specular  ore,  particularly  the 
crystallized  variety,  sparry  ore,  and  the  compact  carbonates,. are 
termed  refractory  ores. 

AUoys  of  Iron. — Whenever  alloys  which  are  composed  of 
other  metals,  are  useAil,  those  of  iron  are  pre-eminently  so.  In 
fSsbct,  pure  iron  is  a  useless  substance  for  all  practical  purposeSy 
except  the  manufacture  of  steel.  If  therefore  alloys  must  be 
formed  to  make  this  metal  useful,  the  question  naturally  arises 
which  of  them  are  the  most  generally  useful,  and  which  are  so 
only  to  a  limited  extent.  When  iron  in  its  pure  state  is  not 
suited  for  practical  purposes,  and  we  are  compelled  to  combine 
it  with  other  matter ;  and  when  it  is  extremely  refractory,  thus 
causing  expense  in  working  it,  it  is  a  question  of  great  importance 
to  the  manufacturer  to  determine  what  kind  of  foreign  matter  to 
combine  with  it,  in  order  to  secure  the  greatest  benefit  to  himself 
and  to  the  consumer.  The  expenses  of  making  iron  are  chiefly 
in  its  smelting  and  refining,  and  the  benefit  of  economy  must  be 
sought  for  in  these  operations.  Smelting  is  cheapest^  when  the 
metal  and  fluxes  are  most  fluid ;  and  the  labor  of  transforming 
crude  iron  into  wrought-iron  is  least  when  the  impurities  cant  bo 
removed  in  the  shortest  time,  and  with  the  least  labor.  We  shall 
here  describe  the  nature  of  alloys,  and  allude  to  their  application 
hereafter. 

Iron  and  oxygen  are  not  fiisible  at  all ;  they  do  not  assume  a 
metallic  form  until  they  become  a  salt — such  as  magnetic  oxide. 
Iron  may  combine  with  a  little  chlorine,  which  causes  it  to  be 
fluid ;  but  this  renders  it  extremely  brittle  when  cold.  We  have 
no  other  evidence  of  the  combination  of  iron  and  chlorine,  than 
that  iron  melted  under  a  coyer  of  chlorides  is  very  pure,  fluid, 
and  brittle,  of  a  bright  silvery  color  and  lustre.    When  this  very 
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fiisible  metal  is  gently  heated,  it  is  converted  into  veiy  refirao- 
tory  iron — ^becoming  fibrous  and  extremely  tenacious.  The  melt- 
ing of  iron  under  a  coyer  of  chlorides  is  not  so  easily  performed ; 
it  succeeds  best  when  turnings  of  good  gray  cast-iron  axe  melted 
by  applying  a  very  gentle  heat,  with  a  flux  composed  of  common 
salt,  hme,  and  alumina. 

The  affinity  of  iron  for  sulphur  is  very  great ;  it  is  tedious  to 
remove  all  the  sulphur  from  it  when  once  combined.  Iron  ab- 
sorbs sulphur  from  all  other  metals,  from  fluxes,  and  from  carbon. 
Oxygen  or  chlorine  are  the  only  substances  which  will  remove 
sulphur,  and  before  they  enter  into  combination  with  iron  all  of 
it  must  be  removed.  The  various  forms  of  the  legitimate  com- 
pounds of  iron  and  sulphur  are  of  no  interest  to  us.  Small  quan- 
tities of  sulphur,  I  of  1  per  cent,  in  the  metal,  not  only  are  ii\ju- 
rious  to  iron,  but  cause  expense  and  vexation  in  refining.  Much 
sulphur  in  iron  causes  it  to  be  cold-short,  brittle  and  hard  when 
cold ;  a  little  produces  hot-short  and  brittleness  when  the  iron  is 
hot.  Sulphur  has  a  remarkable  influence  on  iron ;  it  is  similar 
to  that  of  cadmium.  At  low  heats  it  does  not  cause  fluidity;  the 
iron  assumes  a  mushy  appearance,  but  is  not  fluid.  When  the 
same  iron  is  heated  to  a  higher  degree  it  becomes  perfectly  fluids 
white,  and  compact.  Similar  phenomena  occur  with  carburets 
of  iron ;  and  we  are  inclined  to  conclude  by  analogy,  that  such  is 
the  case  with  all  alloys,  particularly  where  one  substance  is  &x 
more  volatile  than  the  other.  When  iron  is  combined  with  sul- 
phur to  such  an  extent  as  in  pyrites,  it  is  extremely  hard ;  oxy- 
gen does  not  attack  it,  and  strong  acids  do  not  affect  it.  When 
it  contains  only  a  trace  of  sulphur,  it  is  fiu:  more  liable  to  corro- 
sion than  pure  or  alloyed  iron.  This  is  another  evidence>  of  the 
truth,  that  chemical  affinity  has  not  so  much  influence  in  the  cor- 
rosion of  metals,  as  their  compact  close  form.  Sulphur  is  not 
attacked  by  oxygen,  whereas  iron  is,  and  it  requires  the  close 
cover  of  sulphur  to  protect  it.  When  metals  are  mixed  with  the 
sulphuret  of  iron  which  have  no  particular  affinity  for  sulphur — 
such  as  gold — ^the  decomposition  of  the  sulphuret  advances  more 
rapidly.  It  appears  that  in  this  case  moisture  finds  access  into 
the  pores  of  the  metal,  which  accelerates  the  oxidation.  This 
electrical  action,  which  is  frequently  observed  in  metallic  alloys, 
arises  in  consequence  of  imperfect  imion ;  it  is  by  no  means  a 
universal  case.  Iron  appears  to  melt  with  sulphur  in  all  propor- 
tions ;  but  it  either  requires  a  certain  amount  to  form  a  chemical 
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tmion  of  perfect  fltiidity,  or  so  high  a  degree  of  heat  that  a  proper 
arrangement  among  the  particles  becomes  possible.  In  the  latter 
case,  a  union  is  formed  which  is  not  easily  destroyed.  When 
iron  containing  sulphur  is  heated  red-hot,  and  suddenly  cooled  in 
water  which  is  a  little  warm,  a  smell  of  sulphuretted  hydrogen  is 
perceptible,  even  when  only  a  trace  of  sulphur  is  present.  A 
quantity  of  sulphur  in  ore,  coal  or  flux,  which  is  so  small  as  to 
escape  the  most  skilful  assayer,  is  sufficient  to  cause  iron  to  be 
red-short 

Phosphorus  and  Iron. — ^Phosphoric  acid  is  frequently  foxmd  in 
iron  ores ;  quite  as  well  in  those  which  are  primitive  as  in  those 
of  the  coal  formations  and  younger  ores.  Phosphoric  acid  in 
contact  with  coal  is  converted  into  phosphorus ;  and  as  iron  has 
strong  affinities  for  phosphorus;  we  always  find  it  in  the  metal  if 
it  has  been  in  the  ore  or  the  fuel — particularly  in  gray  metal. 
When  white  metal  is  smelted,  a  large  quantity  of  phosphorus  is 
absorbed  by  the  slag  as  phosphoric  acid.  Phosphorus,  imlike 
sulphur,  causes  iron  to  be  very  fluid  even  in  small  quantities  and 
at  low  heats.  Owing  to  this  property,  phosphorus  is  less  vexatious 
when  present  in  iron  than  sulphur.  Iron  with  phosphorus  is 
white,  close,  and  compact ;  assumes  a  high  polish,  and  is  less  at- 
tacked by  oxygen  than  other  alloys.  It  is  extremely  brittle,  so 
that  the  least  force  will  break  it  when  cooled  below  82°.  Phos- 
phorus will  drive  sulphur  from  iron,  when  the  latter  is  present ; 
still,  they  may  be  both  in  crude  iron  at  the  same  time.  Sulphur 
is  removed  before  phosphorus  can  be  evaporated.  Iron  which 
contains  phosphorus  melts  easily,  works  well  in  refining,  is  easily 
welded,  and  is  in  fact  very  manageable. 

Carburet  of  Iron. — We  do  not  know  if  a  carburet  of  definite 
proportions  is  in  existence ;  gray  cast-iron  is  a  mere  mechanical 
mixture,  and  so  is  steel.  We  are  not  acquainted  with  any  car- 
buret. It  appears  that  the  refractory  character  of  carbon  does 
not  admit  of  an  intimate  union  but  under  forced  conditions. 
Carbon  will  liberate  itself  in  spite  of  the  affinity  existing  between 
it  and  the  metal.  Carbon  unites  with  iron  very  readily  in  all 
proportions,  from  a  small  per  cent,  of  iron  in  graphite,  to  a  quarter 
of  1  per  cent,  of  carbon  in  steel.  The  compounds  containing 
much  carbon  are  not  fusible ;  they  are  mere  black  powders.  It 
appears  that  iron  cannot  absorb  more  than  6  per  cent  of  carbon 
— gray  or  white  crude  iron — without  losing  cohesion.  Iron  with 
carbon  may  be  soft  when  gray,  but  is  hard  when  white.    Gray 
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iron  is  imperfectly  fluid — limpid — at  all  times;  white  iron  is 
mushy  like  a  sulphuret,  but  assumes  a  perfect  fluidity  when 
heated  to  a  high  degree.    There  is  a  striking  similarity  between 
the  combinations  of  sulphur  and  iron,  and  those  of  carbon  and 
iron,  which  extends  even  farther  than  mere  fluidity.    White  iron 
has  all  the  qualities  of  a  perfect  alloy ;  gray  iron  that  of  a  me- 
chanical mixture.    We  will  endeavor  to  show  the  nature  of  this 
difference.    White  iron,  that  is  a  perfect  alloy,  we  do  not  observe 
but  in  crude  iron  which  has  been  smelted  from  sparry  ore,  and 
in  hardened  steeL    The  intimate  imion  of  carbon  and  iron  which 
is  requisite  to  form  an  alloy  is  not  in  existence  in  gray  iron,  and  in 
steel  only  when  hardened.    In  white  crude  iron,  sufficient  carbon 
remains  in  union  with  the  metal  to  cause  its  fluidity ;  this,  for 
want  of  other  matter,  is  chiefly  effected  by  carbon.    When  more 
carbon  than  about  six  per  cent  is  removed  from  this  iron,  it 
ceases  to  be  frisible  in  the  furnaces.    The  carbon  is  naturally  in 
very  intimate  connection  in  the  specular  ore,  and  the  heat  in 
smelting  removes  merely  a  part  of  it,  and  chiefly  oxygen.    A 
definite  arrangement  of  the  atoms  of  carbon  and  iron  exists  al- 
ready in  the  ore,  which  is  in  a  great  measure  destroyed ;  a  cer- 
tain portion  of  the  ore  however  retains  its  original  constitution, 
which  with  the  difference  of  oxygen  or  these  particles  of  carburet, 
are  surrounded  by  a  certain  number  of  particles  of  pure  iron 
which  prevent  their  decomposition.    Thus  it  is,  that  the  carbon 
in  this  iron  resists  the  effects  of  oxygen  for  a  longer  time  than 
that  in  other  kinds  of  iron,  and  also  in  steel ;  and  to  this  extent . 
we  may  call  dus  iron  a  true  alloy.    It  is  the  intimate  contact  of 
a  few  atoms  of  carbon,  which  imparts  character  to  a  large  mass 
of  iron.    In  gray  iron,  or  tempered  steel,  the  atoms  of  carbon 
fill  merely  the  pores;  and,  if  we  assume  that  carbon  is  dis- 
solved in  hot  iron — ^which  we  are  permitted  to  do  because  similar  - 
cases  happen  with  other  substances — we  at  once  discover  the 
cause  of  hardening.    It  is  the  sudden  contraction  of  the  metal, 
and  its  strong  cohesion,  which  condenses  the  carbon  between  its 
partideSi  and  forces  it  to  remain  in  chemical  imion.    The  strong 
cohesion  in  the  atoms  of  carbon  is  the  cause  of  gray  iron ;  and 
the  want  of  cohesion  between  the  atoms  of  the  latter,  or  want  of 
frisibility,  is  the  cause  of  the  hardening  of  this  metal  by  sudden 
cooling.    We  see  here  at  once  the  philosophy  of  hardening  and 
tempering,  and  that  an  alloy  of  arsenic  or  phosphorus  cannot  be 
tempered  or  hardened,  because  that  essential  <K)ndition,  the  sepa- 
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ration  of  the  particles,  is  wanting.  Carbon  crystallizes  at  a  much 
higher  heat  than  iron,  and  is  solid ;  it  also  s^Murates  before  iron 
which  is  slowly  cooling  has  sufi&cient  cohesion  to  prevent  its 
crystallization.  Carbon  thus  causes  hardness  in  the  same  manner 
as  other  substances;  and  if  we  disregard  tempering,  or  annealingi 
there  are  substances  which  impart  a  higher  d^pree  of  hardness  to 
iron  than  carbon.  It  appears  that  manganese  induces  the  solu* 
tion  of  carbon  in  iron  more  than  other  substances ;  still,  there  are 
some  other  metals  which  produce  the  same  efSsct  Iron  exerts  a 
powerful  influence  on  carbon  at  low  heats  and  in  the  presence  of 
other  matter.  It  absorbs  it  and  retains  it  as  a  black  powdeHi 
This  is  the  case  in  gray  iron,  and  blistered  and  annealed  steeL 
In  strong  iron,  and  gray  iron  of  great  cohesion,  carbon  is  con- 
densed into  graphite  and  crystallized.  We  infer  from  these 
and  other  facts,  that  carbon  exists  in  white  steel,  white  iron, 
and  in  hardened  steel,  in  the  form  in  which  we  find  it  in  the  dia- 
mond. 

Since  we  are  upon  the  subject  of  hardening,  we  may  be  allowed 
to  say  a  few  words  on  annealing  and  tempering ;  the  latter,  of 
course^  is  a  mere  modification  of  the  first  In  exposing  any  alloy 
to  a  heat  which  may  partially  liberate  some  of  the  component 
parts,  we  afford  them  an  opportunity  to  aggregate  in  their  own 
peculiar  fonn.  And  if  the  particles  of  the  main  body  of  the 
metal  are  not.  movable,  the  alloyed  particles  will  assume  forms  of 
their  own,  separate  firom  the  metal,  and  it  becomes  porous ;  its 
pores  are  filled  with  the  foreign  substances.  This  requires  that 
at  least  one  of  the  elements  in  the  alloy  should  have  suf&oient 
cohesion  to  assume  a  form  of  its  own,  which,  of  course,  induces 
the  others  to  do  so.  Carbon  is  pre-eminently  qualified  for  this 
end,  and  generally  performs  it  Carbon  is  not  necessarily  re- 
quired in  all  cases ;  tin  effects  the  same  in  copper,  and  sulphur 
next  to  carbon  in  iron.  It  follows  fix>m  this,  that  substances 
which  are  intimately  combined  with  the  metal,  or  which  have 
not  sufficient  cohesion  of  their  own,  cannot  separate ;  such  an 
alloy  cannot  be  annealed.  This  is  the  case  with  arsenic  and 
iron,  and  some  other  metals.  Iron  in  such  combinations  cannot 
be  altered,  but  by  the  evaporation  or  oxidation  of  the  substances. 
Silicon  forms  a  very  hard  alloy  with  iron ;  it  eamtiot  be  tempered 
when  carbon  is  not  present ;  but  if  such  iron  is  exposed  to  a  gen- 
tle heat,  under  exposure  to  oxygen,  the  silicon  is  oxidized  and 
the  most  brittle  metal  may  be  convertedmto  malleable  cast-iron. 
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It  is  not  material  in  such  case  how  much  foreign  matter  is  prewnl 
in  a  metal,  if  its  cohesion  is  not  destroyed. 

Silicon — ^This  substance  appears  to  have  as  much  affinity  £br 
iron  as  carbon ;  and  if  not  found  in  so  large  quantities  it  is  nereip- 
theless  present  in  all  commercial  iron  and  in  the  best  steeL  The 
general  diffusion  of  silicon — or  silex,  sihca — ^its  presence  in  all 
iron  ores,  together  with  its  strong  affinity  for  iron,  indicates  as 
certain  its  presence  in  iron.  Silicon,  alloyed  with  iron,  cauaoB 
the  metal  to  be  very  hard  and  brittle.  All  the  iron  smelted  fix>m 
siUcates,  in  which  the  oxides  of  iron  are  united  by  fiision  to  silez^ 
is  extremely  hard  and  brittle ;  more  so  even  than  phosphoms 
would  make  it.  When  crude  iron  is  largely  alloyed  with  sill* 
COD,  it  causes  the  wrought-iron,  made  of  it,  to  be  brittle  and  soft; 
it  forms  therefore  the  poorest  kind  of  bar-iron.  Half  of  1  per  cent* 
of  silicon  causes  crude  iron  to  be  brittle ;  but  iron  may  contain 
10  per  cent  and  more  of  silex,  and  be  perfectly  malleable.  GAbe 
first  is  an  alloy,  the  second  a  mechanical  mixture.  When  sill- 
cious  iron  is  exposed  to  a  gentle*  heat — ^tempered  in  sand  or  iron 
ore — ^the  silicon  oxidizes  and  separates  &om  the  particles  of  iron 
and  forms  particles  of  sUex,  vrhich  do  not  combine  ohemicaUy 
with  iron.  Here  silex  is  in  the  same  form  as  carbon  in  annealed 
iron.  Berzelius  relates  that  he  assayed  a  specimen  of  perfectly 
malleable  iron,  which  furnished  19  per  cent,  of  silex.  Fibrous 
wrought-iron  may  contain  large  quantities  of  silex,  and  be  per- 
fectly malleable  and  ductile,  but  when  the  iron  contains  in  the 
mean  time  carbon,  an  exposure  to  a  high  red  heat  will  convert 
the  silex  into  silicon  and  cause  the  iron  to  become  short  and  brit- 
tle.    We  shall  allude  to  this  subject  again. 

Aluminum, — ^We  shall  not  allude  to  the  alloys  of  Boron,  Selr 
enium.  Tellurium,  and  some  other  substances,  because  these  are 
of  no  practical  value.  Aluminum  appears  to  have  a  beneficiali 
toughening  influence  on  iron,  and  it  is  asserted  that  Wooly — 
East  Indian  steel — contains  this  metal  as  alloy.  It  is  certain,  that 
all  iron  smelted  from  clay  ores  is  stronger  than  that  smelted  from 
any  other  kind  of  ore,  particularly  in  the  form  of  wrought-iron. 
Pure  alumina  combines  readily  with  iron  when  borings  of  gray 
cast-iron  are  smelted  with  it.  Such  cast-iron  contains,  however, 
sUicon  and  other  substances,  which  interfere  with  the  true  char- 
acter of  the  alloy.  It  may  be  difficult  to  form  a  pure  alloy  of 
iron  and  alumina,  because  a  high  heat  is  required,  at  which  other 
substances,  whose  presence  cannot  be  avoided,  enter  into  combi- 
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nafioh.  In  flnxing  iron  and  almninnin  by  a  sabetance  which  has 
a  strong  affinity  for  both,  so  as  to  reduce  the  point  of  melting, 
pure  alloy  may  be  formed,  provided  the  flux  is  volatile  and  may 
be  driven  off.  Pure  carbon,  or  arsenic  may  form  such  a  flux.  It 
is  stated  that  iron  alloyed  with  alumina  is  very  hard  and  tough, 
and  exhibits  the  nature  of  Damascus  steel.  This  is  a  strong  in- 
dication of  the  refractory  nature  of  the  alloy ;  it  does  not  combine 
tmiformly  with  the  mass  of  the  metal. 

AT9enic, — ^This  substance  causes  iron  to  be  very  fluid,  hard, 
and  brittle.  One  part  of  iron  borings  melted  togetiier  with  two 
parts  of  arsenious  acid,  form  an  arseniuret  of  iron,  of  definite  con* 
stitution.  The  best  manner  to  alloy  iron  with  arsenic  is  by 
cementation,  as  we  have  shown  already.  Arsenic  combines  very 
intimately  with  iron;  its  alloy  cannot  be  hardened  like  steel,  nor 
can  it  be  annealed.  When  the  heat  in  melting  this  alloy  is  too 
strong,  the  arsenic  evaporates  rapidly,  throwing  out  iron  which 
bums  with  greater  brilliancy  than  any  other  compound  of  iron. 
It  bums  in  similar  manner  to  a  very  hot  zinc  alloy,  but  with  more 
vigor.  Notwithstanding  the  great  affinity  between  iron  and 
arsenic,  in  cooling  or  crystallizing,  both  separate  to  a  certain  eX' 
tent,  but  in  a  different  manner  than  iron  and  carbon.  When  an 
arsenical  alloy  is  cooled  and  polished  it  shows,  on  examination 
with  a  microBoope,  a  mass  of  dark  crystals  imbedded  in  a  bright 
white  metal,  which  forms  a  regular  net-work,  filling  the  spaces 
between  the  crystals.  We  suppose  the  crystals  may  be  iron,  and 
a  little  arsenic,  and  the  cementing  metal  chiefly  arsenic  with  a  lit- 
tle iron ;  these  are  conditions  which  exist  in  other  alloys.  If  this 
alloy  is  tempered  at  a  red  heat,  the  arsenic  evaporates,  and  causes 
the  remaining  metal  to  be  extremely  brittle.  The  same  cause  is 
active  in  hardening  this  substance.  K  the  metal  thus  weakened 
by  tempering  or  hardening  is  melted  again  it  forms  a  coherent, 
hard,  compact  iron,  but  with  less  arsenic.  This  alloy,  so  long 
as  any  arsenic  is  perceptible,  cannot  be  forged  nor  welded,  it  is 
hot-short,  and  cold-short 

We  perceive  here,  very  distinctly,  the  cause  of  brittleness,  and 
some  reflection  leads  us  to  the  cause  of  hardness  in  this,  as  well 
as  in  all  other  metallic  alloys.  Arsenic  is  a  strong  solvent  for 
iron,  but  its  own  weak  cohesion  cannot  prevent  the  iron  from 
forming  large  crystals,  which,  being  held  together  by  a  cement 
of  weak  metal,  do  not  adhere  very  strongly.  This  aUoy  may 
be  compared  to  crystals  of  salt,  which  contain  water  of  crys- 
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tallization,  and  anhydrous  crystals.    The  metal  is  oonsequentlj 
brittle,  notwithstanding  its  high  degree  of  hardness.     If  the  ar-" 
senic  were  a  less  perfect  solvent,  the  iron  could  not  form  large 
crystals,  and  consequently  the  mass  would  not  be  so  brittle.     Car- 
bon shows  the  truth  of  this  theory  very  distinctly.    Iron  and  ar- 
senic are  brittle  when  hot  for  the  same  reasons.    Arsenic  in  evapo- 
rating expands,  and  does  not  admit  of  close  contact  between  the 
particles  of  iron ;  the  latter  are  hard  and  refractory,  their  surfaces 
slippery,  and  of  little  cohesion ;  they  cannot  adhere  together  tmtO 
the  cause  of  fluidity  is  removed,  that  is,  the  arsenic  evaporated. 
When  we  assimie  that  all  ultimate  particles  of  matter  are  extremely 
hard,  which  must  be  particularly  the  case  with  those  which  have 
a  strong  affinity  among  themselves,  that  is,  strong  cohesion,  we 
find  the  cause  of  hardness.    If  a  substance  is  dissolved,  and  per- 
mitted to  crystallize  in  the  solvent,  in  the  most  compact,  dense 
form  of  which  it  is  susceptible,  it  must  assume  the  highest  degree 
of  hardness.     The  more  dense  the  solvent,  the  higher  will  be  the 
degree  of  hardness  of  the  crystals ;  because  the  first  assists  the 
latter  in  forming  an  intimate  union.     Diamond  cannot  be  any 
thing  else  than  melted  carbon ;  its  strong  cohesion  is  the  cause  of 
its  superior  hardness.     Carbon  must  be  soluble  in  all  refractory 
metals,  and  must  have  a  similar  effect  upon  them  which  it  has  on 
iron.    It  is  the  united  cohesion  of  iron  and  carbon,  which  causes 
steel,  or  iron,  to  be  hard ;  and  it  is  the  solvent  power  of  arsenic 
which  permits  the  particles  of  iron  to  join  in  such  contact  as  to 
become  hard.     All  substances  of  great  cohesion  must  form  hard 
bodies  when  permitted  to  crystallize  in  small  particles,  and  form 
a  close  compact  body. 

The  various  phenomena  exhibited  by  alloys,  are  more  dis- 
tinctly manifested  in  the  combinations  of  iron  than  in  those  of  any 
other  metal,  because  of  the  universal  affinity  of  iron  for  other  mat- 
ter, and  because  it  has  been  so  closely  examined.  The  strong 
cohesion  of  the  metal  is  the  cause  of  the  great  diffisrence  in  its 
alloys.  There  is  no  doubt,  if  carbon  could  be  united  with  plati- 
num, the  alloy  would  show  similar  phenomena  as  that  of  iron, 
and  perhaps  to  a  higher  degree. 

Arsenic  exerts  a  peculiar  influence  on  iron;  it  causes  cast- 
iron  to  be  extremely  brittle,  but  when  removed  from  it  by  refin- 
ing, and  converting  it  into  bar-iron,  it  is  found  to  be  exceedingly 
sofi;  and  pure.    Most  of  that  iron  which  furnishes  the  best  cast- 
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steel,  is  manufactured  irom  ores  which  contain  arsenic.    We  shall 
allude  to  this  subject  again. 

Ohromium. — Iron  combines  with  chromium  quite  easily,  and 
forms  an  exceedingly  hard  alloy,  which  is  brittle.  By  converting 
crude-iron  into  bar-iron,  all  the  chromium  contained  in  it  is 
easily  removed.  Chromium  is  very  refractory,  and  consequently, 
we  entertain  serious  doubts  of  the  brittleness  of  the  aUoy  of 
this  metal  and  iron.  Sixty  parts  of  iron  alloyed  to  forly  of 
chromiimi;  is  stated  to  be  very  hard  and  tenacious,  cutting 
glass  equal  to  a  diamond.  Chromium,  as  well  as  iron,  are  both 
refractory,  and,  as  the  heat  required  to  melt  either  is  high,  it 
is  difficult  to  obtain  the  alloy  without  an  admixture  of 
other  matter;  to  the  latter  must  be  assigned  the  brittleness 
which  is  asserted  to  belong  to  it.  In  smelting  these  metals, 
either  from  their  ores  together,  or  omitting  them  directly,  in  all 
instances  their  purity  must  be  doubted.  The  only  manner  in 
which  a  considerably  pure  alloy  is  obtained,  is,  by  melting  filings 
of  pure  wrought  iron,  in  a  clay  crucible,  lined  with  the  pure  oxide 
of  chromium  and  carbon ;  the  first  forms  a  second  lining  in  the 
latter.  The  alloy  thus  obtained,  is,  according  to  our  own  expe- 
rience, very  hard,  uniform  and  tenacious,  and  shows  no  signs  of 
crystallization,  when  polished. 

Titanium. — This  metal  appears  to  be  so  refractory,  and  has  so 
little  affinity  for  iron,  that  it  will  not  admit  of  an  union.  An 
union  is,  however,  effected  in  the  same  manner  as  between  lead 
and  iron,  that  is,  by  employing  a  substance  which  has  affinity  for 
both.  We  have  no  experience  in  forming  this  alloy,  and  the 
scarcity  of  the  metal  hardly  admits  of  its  practical  use. 

Zinc. — ^We  have  alluded  to  the  combination  of  zinc  and  iron 
before.  As  cast  metal  the  alloy  is  worthless,  it  never  will  obtain 
strength.  In  refining  crude  iron  which  contains  zinc,  the  latter 
evaporates ;  and  by  perseverance,  a  fine  tough  iron  may  be  ob- 
tained. In  this  respect  arsenic  is  superior  to  zinc,  it  works  with 
more  facility.  It  has  been  proposed  by  Mr.  Morris  Stirling  of 
England,  to  refine  iron  in  the  presence  of  zinc,  by  using  it  or  cala- 
mine, to  the  amount  of  one  or  two  per  cent  in  the  puddling  ftir- 
nace.  We  do  not  doubt  the  effect  asserted  of  zinc,  in  producing 
a  bright,  fibrous  iron,  but  we  doubt  its  forming  a  strong  iron ;  our 
own  experience  has  shown  that  no  strong  or  cheap  iron,  can  be 
thus  manufactured. 

Manganese. — The  similarity  of  this  metal  with  iron,  subjects 
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it  to  the  same  laws.  It  forms  similar  compounds.  In  Gombining 
with  iron  it  causes  it  to  be  more  fluid,  and  consequently,  harder 
than  it  is  naturally.  This  metal  is  one  of  the  best  alloys  in  com- 
bination with  iron,  which  is  to  be  converted  into  wrought-iron. 
It  causes  cast-iron  to  be  hard  and  brittle ;  but  this  assertion  must 
be  taken  with  due  allowance  for  the  influence  of  other  matter. 
The  protoxide  of  manganese  is  a  strong  alkali,  and  forms  a  very 
fusible  fluid  slag  with  silex.  In  refining  iron  which  contains  manga- 
nese, the  latter  is  oxidized  before  any  iron  is  attacked  by  oxygen ; 
and  its  strong  affinity  for  silex  removes  the  latter  from  the  iron. 
No  manganese  is  ever  detected  in  wrought-iron.  Crude  iron  con- 
tains it  when  smelted  from  ores  in  which  it  exists.  In  manufao- 
turing  wrought-iron,  this  substance  is,  on  account  of  its  alkaline 
and  refractory  nature,  the  most  useful  auxiliary.  Its  application 
as  black  oxide  in  puddling  or  refining  iron  requires  some  caution ; 
of  this  we  shall  speak  hereafter. 

Nickel  and  Cobalt, — These  metals,  alloyed  with  iron,  appear 
to  exert  a  similar  influence  upon  it.  Nickel  is  found  native  and 
alloyed,  in  meteoric  iron.  This  alloy  has  been  little  examined, 
and  is,  to  all  appearance,  of  slight  practical  use. 

Antimony, — ^This  combines  readily  with  iron;  the  alloy  is 
very  hard  and  very  brittle.  It  is  useless.  The  oxides  of  the 
metals  mixed,  and  melted  with  carbon  in  a  crucible,  form  an  al- 
loy at  a  low  heat 

Lead, — This  substance  does  not  combine  very  readily  with 
iron,  particularly  when  the  latter  is  in  combination  with  carbon. 
When  contained  in  the  ores  of  iron,  it  separates  in  the  blast-fur- 
nace from  the  iron  and  forms  a  stratum  at  the  bottom  of  the 
hearth.  The  crude  iron  thus  smelted  is  extremely  hard,  becomes 
very  fluid  on  melting,  and  works  admirably  well  in  the  forge- 
fire  and  puddling-fumace,  and  makes  a  very  tenacious,  fine, 
bright,  fibrous  iron,  of  first-rate  quality.  The  fluid  alloy  of  lead 
and  iron  is  of  no  practical  use ;  when  cast  it  is  brittle. 

Tin  combines  readily  with  iron,  and  both  mix  in  various  pro- 
portions, and  form  definite  compounds.  The  alloy  is  always 
hard,  and  this  hardness  increases  in  proportion  to  the  quantity  of 
tin,  until  the  latter  is  more  than  an  equal  part.  This  alloy  is 
heavier  than  iron  itself— of  greater  hardness  and  lustre ;  57*9  of 
iron  and  42*1  of  tin  is  said  to  be  an  alloy  particularly  distin- 
guished.    Iron  thinly  coated  with  tin  forms  tin-plate.    For  this 
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puxpofle  a  very  pore  tin  is  required^  or  at  least  a  metal  firee  firom 
easily  oxidized  substances. 

Tin  added  to  iron  in  the  paddling  furnace,  to  the  amount  of 
7  or  1  per  cent,  causes  a  bright  metal,  which  works  remarkably 
well  in  squeezing  and  hammering.  It  forms  a  strong  iron,  mal- 
leable, neither  red-short  nor  cold-short.  The  application  of  tin  for 
this  purpose  is  rather  expensive ;  we  tnay  obtain  the  same,  or 
similar  results,  by  other  means  less  costly. 

Copper, — Copper  has  no  marked  afl&nity  for  iron,  and  com- 
bines with  it  only  in  small  quantities.  Still,  j\  of  1  per  cent 
causes  iron  to  be  red-short  Mixed  to  cast-iron,  it  causes  cold- 
short. Wrought-iron  with  copper  is  stronger,  when  cold,  than 
pure  iron.  Its  oxides  form  very  refractory  silicates,  which,  to- 
gether with  its  permanency  under  heat,  is  the  cause  of  its  adhering 
tenaciously  to  iron*  For  these  reasons,  it  cannot  be  removed 
from  iron  in  refining  the  latter. 

Becent  experiments  which  have  been  made  in  England  by 
Mr.  Stirling,  show  the  utility  which  we  may  expect  to  obtain 
from  alloys.  A  mixture  of  iron,  zinc,  copper,  and  manganese,  is 
said  to  form  an  alloy  similar  to  gold,  in  all  external  appearances. 
These,  and  alloys  of  iron,  tin,  zinc,  antimony,  copper,  &c.,  are 
recommended  as  superior  metals  for  axle-bearings,  and  various 
other  purposes. 

Mercury, — Iron  does  not  combine  with  mercury  directly ;  but 
when  an  alloy  of  iron,  which  contains  a  metal  soluble  in  quick- 
silver, is  brought  in  contact  with  it,  a  combination  ensues.  Alloys 
of  tin  and  iron,  zinc  and  iron,  silver  and  iron,  may  be  combined 
with  mercury,  and  resist  the  charring  heat  of  wood.  It  forms  a 
hard,  brittle  amalgam,  similar  to  that  of  antimony. 

Silver, — ^Iron  melts  readily  with  silver,  but  the  metals  separate 
in  cooking,  and  show  the  same  appearance  as  arsenic  and  iron. 
The  alloy  is  harder  and  stronger  than  that  of  arsenic  This  com- 
pound oxidizes  rapidly.  A  small  quantity  of  silver,  j  per  cent, 
may  be  united  with  iron,  and  form  an  intimate  union. 

Gold. — This  metal  fuses  easily  with  iron,  and  fine  ornamental 
works  in  iron  are  soldered  with  it.  It  is  too  expensive  to  form 
practical  alloys  with  iron.  The  same  may  be  said  of  platinum, 
and  the  platinum  metals.  However  valuable  such  alloys  may  be 
for  scientific  purposes,  the  metallurgist  cannot  make  any  use  of 
them. 

Uses  of  Iron, — It  is  not  difficult  to  state  the  applications  of 
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iron;  it  is  used  every  where  under  some  one  or  other  Aann. 
Every  person  knows  its  universal  utility.  It  is  capable  of  being 
cast  into  moulds,  and  formed  into  any  shape ;  it  is  drawn  into 
immeasurably  fine  wires,  rolled  into  sheets  thin  as  paper,  or  cast 
into  frames  of  immense  weight ;  kitchen  utensils  and  dwellingB 
are  formed  of  it  It  is  indispensable  to  all  active  men ;  no  fix>d 
can  be  prepared  without  it,  and  no  artisan  can  pursue  his  duties 
without  it  It  accommodates  itself  to  all  our  wants,  desires  and 
caprices ;  it  furnishes  the  needle,  the  plough,  and  the  anvil,  the 
anchor,  the  chisel,  and  the  steam-engine.  It  is  the  only  medicine 
friendly  to  himian  life,  which  is  dependent  upon  its  existence  in 
the  arteries  of  man. 

Manufdcture  of  Cast-Iron, — Before  the  smelting  of  iron  ore  is 
resorted  to,  it  is  most  generally  roasted.  Few  kinds  of  ore  are 
exempted  from  this  rule.  The  yellow  hydrates,  brown  henuir 
tites,  in  feet  all  the  hydrates,  need  no  roasting ;  the  red  hema- 
tites, clay  ores,  compact  and  crystallized  oxides,  and  the  specular 
ore,  may  be  smelted  without  roasting.  Some  magnetic  oxides, 
silicates,  and  carbonates,  are  also  smelted  without  this  intro- 
ductory operation.  All  those  ores  which  contain  sulphur,  ar- 
senic, carbonic  acid,  carbon,  or  are  not  sufficiently  oxidized, 
ought  to  be  roasted. 

Roasting. — This  operation  has  been  generally  described  in 
Part  II.  Chapter  11.,  and  we  have  but  few  remarks  to  make  here, 
and  these  relate  particularly  to  iron.  The  operation  is  performed 
in  the  open  air  in  heaps ;  and  as  most  roast  ovens  have  been 
abandoned,  we  suppose  this  method  is  preferable  to  that  in  ovens. 
At  the  same  conclusion  we  arrive,  equally  as  well,  by  deducticms 
based  upon  the  nature  of  the  mineral,  and  the  end  to  be  accom- 
pUshed.  Magnetic  ore  should  be  roasted,  if  it  is  desirable  to 
smelt  carburretted  iron,  for  this  ore  is  too  compact  to  admit  of 
the  absorption  of  carbon,  and  it  must  be  made  porous  in  order  to 
form  gray  iron.  It  contains  also  very  frequently  iron  pyrites, 
blende,  galena,  arseniuret,  silica,  and  other  substances,  which  it 
is  necessary  to  oxidize.  When  specular  iron  contains  pjrrites, 
which  frequently  happens,  it  must  be  roasted.  Sparry  ore  is  to 
be  roasted  to  remove  carbonic  acid.  K  these  ores  are  pure,  that 
is,  free  from  sulphurets,  a  strong  and  rapid  heat  may  be  made;, 
but  when  they  are  impure,  a  red  heat,  with  a  liberal  supply  of 
air  and  moisture,  are  requisite  to  succeed  well.  Impure  ore^ 
such  as  argillaceous  ore,  clay  ore,  or  hematites,  in  fact  all  ores 
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which  contain  silex,  must  be  roasted  gently  and  slowly  at  a  low 
heat,  and  with  a  long  continued  fire.  Ore  which  has  been  roasted 
must  be  red,  fiiable,  and  porous.  When  black  and  magnetic,  it 
is  converted  into  magnetic  ore,  and  will  not  smelt  gray  iron. 
When  it  has  been  too  hard  burned,  it  should  be  thrown  aside,  or 
mixed  with  well  roasted  ore  in  certain  proportions.  When  white 
iron  for  the  forge  is  to  be  smelted,  little  attention  is  required  in 
roasting  the  ore ;  still  that  firom  roasted  ore  works  better  in  the 
forge,  and  forms  a  stronger  iron. 

Most  iron-works  roast  in  heaps ;  and  where  coal  is  cheap,  it 
certainly  is  the  most  economical  mode  of  working  the  ore :  but 
where  fuel  is  high,  the  saving  of  it  should  be  regarded.  Half  the 
fuel  used  in  heaps  may  be  saved  by  roasting  in  ovens.  A  ton  of 
coal,  or  a  cord  of  wood,  will  afford  heat  for  twenty  tons  of  ore, 
when  roasted  in  large  pUes  or  heaps.  In  an  oven  one  hal^  and 
in  a  well  constructed  oven  one  third  of  that  foel  is  sufficient  to 
accomplish  the  work ;  and  if  the  labor  is  considered  equal  in  both 
cases,  which  in  reality  is  rather  in  favor  of  the  oven,  the  advan- 
tages of  the  latter  are  evident  When  the  quality  of  stone-coal, 
as  it  respects  sulphur,  is  doubtful,  wood  ought  to  be  used  in 
roasting,  for  the  affinity  of  iron  for  sulphur  is  so  great,  that  it 
will  absorb  any  which  is  not  oxidized.  In  using  the  kiln  for 
roasting,  it  is  not  advisable  to  mix  ore  and  coal,  because  if  the 
coal  contains  sulphur  it  will  certainly  adhere  to  the  iron.  In 
these  instances  it  is  the  better  plan  to  bum  the  coal  in  a  separate 
furnace,  and  oxidize  salphur  and  hydrogen  by  a  liberal  supply  of 
air,  before  it  comes  in  contact  with  the  iron  ore.  It  has  been 
proposed  to  use  the  gases  from  coke-ovens  for  burning  lime,  and 
we  may  with  equal  propriety  and  success  roast  ore  by  these 
means.  In  fact,  the  following  method,  rf  which  a  vertical  sec- 
tion is  shown  in  fig.  218,  is  based  upon  the  principle  of  a  good 
roast  oven.  Two  or  more  coke-ovens  are  affixed  to  an  ore-kiln, 
which  may  also  serve  for  the  burning  of  lime.  These  coke- 
ovens,  of  the  description  given  in  fig.  214,  admit  firesh  air  over 
the  hot  coke,  and  burn  the  gases,  which  enter  the  roast-oven 
perfectly.  If  sufficient  air  cannot  be  conducted  through  the 
channel  over  the  coke,  a  few  small  apertures  leading  from 
below  the  coke-oven  into  the  flue,  and  firom  the  latter  to  the  kiln, 
may  be  provided,  which  will  effectually  remove  all  difficulties  in 
the  way  of  a  perfect  combustion.  These  flues  fix)m  the  coke-oven 
to  the  kiln  must  be  provided  with  dampers,  in  order  to  suffocate 
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the  fire,  when  the  coke  is  ready  for  drawing.    Instead  of  ook 
ovens,  plain  furnaces  ma;  be  erected,  and  any  fdel  bmned  i 


.—I  xwl't^tf* 


tiiem  -vrliich  may  be  found  profitable,  among  which  wood  is  enti- 
tltd  to  the  first  rank.  The  feeding  and  working  of  the  kiln  is 
yery  simple,  and  needs  do  explanation. 


Those  plana  are  not  judicious  which  recommend  the  mixing 
of  the  fuel  with  the  iron  ore  in  roastinR  It  may  be  of  little  im- 
portance with  other  ores  how  the  fuel  is  applied,  but  with  iron  it 
is  of  some  consequence.  No  pure  hydrogen,  no  sulphur,  or 
phosphorus,  ought  to  come  in  contact  with  iron  ore ;  and  if  the 
fuel  is  mixed  with  the  ore,  such  occurrences  cannot  be  prevented. 
Hydrogen  fonns  magnetic  oxide,  sulphur  forms  snlphurots,  and 
other  foreign  substances  are  quite  as  injurious.   When  hydrogen, 
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siUphur,  &a,  are  perfectly  burned  before  they  come  in  contact 
withi  the  ore,  it  is  uninjured,  provided  there  is  no  unconsumed 
carbon  present.  In  the  latter  case,  ;fo£  example,  sulphurous  acid, 
which  may  have  been  formed  in  the  grate,  is  decomposed,  and 
the  sulphur  remains  with  the  iron.  Other  impurities,  such  as 
sulphurets  in  coal,  or  ashes  from  wood  or  coal,  are  hurtful  to  the 
ore,  and  ought  not  to  be  mixed  with  it  ,  For  the  same  reasons, 
the  trundle-head  flame  of  a  furnace  cannot  be  used  for  roasting 
ore,  even  if  the  temperature  is  high  enough.  K  the  objections  to 
mingling  the  ore  with  coal  did  not  exist  in  respect  to  quality,  they 
would  be  valid  in  respect  to  the  quantity  of  fuel  consumed. 
Fuel  should  always  be  burned  in  the  highest  attainable  heat ; 
this  does  not  exist  in  an  ore-pile  or  in  a  kiln,  and  cannot,  because 
it  would  melt  the  ore.  That  which  oxidizes  ore  to  the  greatest  ad- 
vantage is  a  cherry-red  heat^  which,  in  no  case,  c^  be  uniformly 
maintained  when  the  fuel  is  mixed  with  the  pre.  In  burning  the 
fiiel  in  a  separate  furnace,  leading  the  flame  into  a  kiln,  all  the  ad- 
vantages of  a  perfect  combustion,  with  freedom  jfrom  the  ashes  of 
the  ore,  may  be  obtained.  In  this  case,  sufficient  air,  and  even 
vapors  of  water,  may  be  admitted  with  the  flame  of  the  fuel  to 
reduce  the  heat  to  a  standard  temperature. 

Whatever  may  be  the  means  by  which  ore  is  roasted,  it 
ought  to  be  a  peroxide  in  all  cases.  A  black,  melted  mass  of 
ore  is  like  so  much  forge-cinder,  and  it  will  oa^ase  impure,  short 
iron.  K  the  ore  is  not  sufficiently  roasted,  it  is  no  better  than  in  its 
raw  state  in  the  fomace.  Time  and  a  limited  heat  are  required 
to  roast  well ;  and  the  lower  the  heat  is,  the  j^otq  perfect  will 
be  the  result.  The  crystallized  carbonate,  spany  ore,  is  one  of 
those  ores  which  will  bear,  and  which  requires,  a  high  heat  to 
oxidize  it ;  still,  the  heat  of  the  sun  is  sufficient  to  accomplish 
oxidation.  It  requires  years  to  roast  such  ore  by  these  means. 
Nevertheless,  this  process  is  still  partially  practised  in  those  lo- 
calities in  Europe  where  the  quality  of  the  iron  is  an  object  The 
argillaceous  ore  of  the  coal  regions  there  is  roasted  in  immense 
heaps  for  six  or  nine  months  to  obtain  a  good  article.  Time  is  a 
powerful  agent  in  this  operation,  to  which  many  of  our  iron 
smelters  fail  to  pay  proper  attention.  When  ore  is  to  be  roasted 
at  all,  every  heap  in  the  yard  should  be  on  fire,  and  the  longer  it 
is  so,  the  better  for  it ;  the  amount  of  fuel  is  thus  diminished, 
and  the  quality  of  ore  improved.  Ore  which  is  burned  in  small 
heaps,  of  fifty  or  one  hundred  tons,  should  haTO  at  least  four  or 
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six  weeks  of  continued  heat;  it  is  on  tUs  point  that  ovens  &fl, 
and  it  may  be  considered  as  the  chief  cause  why  they  are  bo  lit- 
tle used.  The  length  of  time  may  be  in  some  measure  compen- 
sated by  fuel,  but  this  does  not  extend  beyond  a  certain  limit; 
for  when  the  heat  is  higher  than  a  cherry-red,  it  ceases  to  oii- 
dize.  Ovens,  therefore,  ought  to  be  large,  or  they  do  not 
work  well.  Some  ore  may  be  roasted  in  forty-eight  hours,  but 
it  would  be  better  if  twice  that  time  was  occupied  for  it  Mag- 
netic ore,  and  carbonates  of  any  kind,  should  have,  even  in  an 
oven,  a  continued  heat  during  a  week.  The  size  of  a  roast-kiln 
is  by  these  data  easily  calculated ;  when  a  furnace  is  to  smelt 
sixty  tons  of  iron  a  week,  the  roast-ovens  should  have  a  capaci^ 
of  three  times  that  amount  of  tons  for  argillaceous  ore.  A  kiln  of 
the  usual  construction  is  not  often  more  than  18  feet  high,  and  the 
interior  forms  an  inverted  cone  of  from  8  to  10  feet  at  the  top,  by 
8  feet  at  the  bottom ;  such  an  oven  will  not  take  more  than  forty 
tons  of  ore,  and  cannot  furnish  per  diem  more  than  six  tons  of  it 
well  roasted. 

There  is  no  difficulty  in  smelting  argillaceous  ores  cheapfy 
and  to  advantage,  and  to  produce  a  useful  forge-iron,  provided 
the  smelters  keep  a  good  stock  of  ore  in  the  yard,  not  only  for 
roasting,  but  for  oxidation  and  lixiviation  of  the  roasted  ore  in 
the  atmosphere  when  cold.  The  latter  operation  is  not  less  im- 
portant than  the  roasting  itself.  Iron  ore  cannot  by  any  means 
be  purified  by  roasting  only;  certain  substances,  such  as  sul- 
phates or  phosphates,  may  be  present,  and  certainly  are  if  any 
of  the  elements  of  these  acids  have  been  in  the  ore.  Such  acids, 
which  generally  adhere  tenaciously  to  the  oxide  of  iron,  are  re- 
moved by  water,  and  often  by  a  large  quantity  of  water  only.  Bain- 
water  is  the  best  solvent  for  such  substances,  and  an  exposure  of 
the  ore  for  a  time  to  its  purifying  effect,  is  the  best  means  to  free 
it  from  such  matter.  Whatever  may  be  the  means  by  which 
roasting  ij  performed,  time,  air,  and  water  are  necessary  to  do  it 
well.  Large  clamps,  heaps,  are  as  profitable  as  ovens;  and  if 
they  are  well  put  up,  and  supplied  with  draught-holes  and  fire- 
chambers,  so  as  to  separate  the  combustion  from  the  ore,  they 
may  work  quite  as  profitably  as  kilns.  Kilns  ought  to  be  in  all 
cases  kept  in  constant  action,  so  as  to  preserve  a  regular  supply 
of  ore,  and  lose  as  little  heat  as  possible.  The  common  form  of 
the  kiln  is  generally  an  inverted  cone,  while  our  drawing,  fig. 
212,  represents  a  right  cone.    The  latter  form  secures  more  uni- 
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formi^  in  beat  throughout  the  body  of  ore,  but  it  is  suited  only 
to  coarse  ore,  of  the  size  of  a  fist  and  larger.  Small  ore  requires 
a  wide  top.  Fine  ore  cannot  be  roasted  to  advantage  in  any 
oven;  it  is  to  be  used  raw  or  roasted  in  clamp&  A  kiln  in  the 
form  of  a  right  cone  should  have  a  partition  below,  as  shown  in 
the  engraving,  so  as  to  limit  the  size  of  the  grate. 

Cleansing  of  Ore. — ^Before  subjecting  ore  to  calcining,  it  is  gen- 
erally broken  into  liunps  of  a  uniform  size ;  if  such  is  not  the 
case,  or  if  the  roasted  lumps  are  still  too  large,  they  are  broken 
by  means  of  a  two-handed  beetle,  such  as  shown  in  fig.  216. 


Fio.  216. 


Machines  cannot  well  be  used  for  this.  It  is  more  expensive  to 
carry  the  ore  to  one  and  back  again,  than  to  break  it  by  hand.  K 
the  ore  is  hard,  an  ordinary  oval  limestone  hammer  is  used.  The 
size  of  the  ore  lumps  depends  partly  on  the  kind  of  ore,  but 
chiefly  on  the  smelting-fumace  and  its  mode  of  operation.  When 
particularly  good  work  is  req\iired  of  a  charcoal-furnace,  the  size 
of  ore  is  that  of  a  hen's  egg ;  at  coke-fdmaces  we  see  lumps  of  four 
or  five  inches  charged,  and  at  anthracite  furnaces  any  size  which 
may  be  lifted  by  the  workmen  is  not  considered  too  large  for  the 
furnace.  When  good  iron  is  to  be  made,  the  ore  is  riddled,  to 
firee  it  from  fine  dust,  earth,  and  ashes.  The  means  by  which 
this  is  done  is  not  important ;  a  common  sand  or  gravel  riddle 
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is  frequently  used,  and  we  find  also  machines  of  the  form  repre- 
sented in  fig.  216.    A  firame-work  is  formed  of  scantling,  about 
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6  feet  long,  4  feet  high,  and  2  feet  wide,  in  which  is  a  riddk^  Ji^ 
suspended  nearly  horizontally.  The  latter  is  formed  of  ^  iuob 
wire  rods,  with  i  inch  spaces,  and  suspended  at  the  four  con^eqi 
on  four  rods,  which  move  about  the  point  of  suspension.  At  the 
highest  part  of  the  riddle  the  ore  is  charged  by  shovelling,  and  a 
boy  sets  it  in  motion.  The  coarse  ore  rolls  down  upon  a 
heap,  or  into  a  wheelbarrow,  and  the  fine,  which  passes  under 
the  machine,  is  carried  away  to  be  washed,  or  thrown  away. 
This  machine  is  light,  portable,  and  may  be  placed  conveniently 
totheore. 

There  is  apparently  no  necessity  of  thus  freeing  the  ore  fcom 
fine  dust,  for  these  fine  parts  are  in  most  cases  the  better  portion 
of  it.  But  dry,  fine  ore,  will  trickle  through  the  spaces  between 
the  coal  in  the  blast  fiimace,  and  arrive  unprepared  in  the  hearth, 
causing  white  iron,  and  often  serious  disturbances  in  the  smelt- 
ing operation,  by  producing  a  raw  slag,  or  by  accmnulating  in 
certain  parts  of  the  furnace  and  obstructing  the  blast,  thus  causing 
scaffolding.  The  evil  resulting  from  fine  ore  has  been  effectually 
removed,  at  some  of  the  furnaces  in  New- York  State,  by  mixii^ 
the  fine,  granulated,  magnetic  ore  with  clay,  and  forming  lumps  of 
a  large  size,  so  that  it  may  be  similar  to  coarse  ore.  Besides  thug 
improving  the  form  of  the  ore,  clay  makes  a  natural  as  well  as  the 
best  flux  for  magnetic  ore ;  and  an  admixture  of  it  would  not 
do  any  harm  in  many  other  instances,  particularly  where  rich 
ore  is  smelted.  When  a  mixture  of  clay  and  ore  is  made,  the 
first  ought  to  be  in  a  small  quantity,  and  intimately  mixed  with 
the  latter ;  any  lumps  of  pure  clay  are  extremely  hurtful  to  the 
smelting  operation. 

There  is  no  necessity  for  riddling  all  the  ore  which  is  used; 
only  that  part  of  fine  ore  which  remains  on  the  ground  should 
be  thus  purified.  The  apparently  worthless  dust,  and  also  the 
Gne  ore  which  remains  in  the  yard  after  the  removal  of  raw  mine 
ore,  is,  in  many  instances,  brought  to  the  washing-machine,  and 
liberated  from  those  fine  particles  which  may  be  carried  off  by 
water.  Washing-machines  of  a  variety  of  forms  are  in  use,  bii 
that  represented  in  fig.  217  is  the  most  generally  adopted,  and 
may  be  considered  equal  in  effect  to  any  other  apparatus.  The 
grains  of  ore  thus  freed  from  clay  are  mixed  with  the  coarse  ore 
and  smelted.  Separating  the  fine  dust  from  iron  ore  by  riddling 
is  a  judicious  operation,  but  washing  away  fine  oxide  of  iron  is  of 
no  use.    There  may  be  cases,  such  as  washing  raw  magnetic  ore, 
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or  raw  hematites  which  are  largely  mixed  with  clay,  but  washing 
roasted  ore  will  always  include  a  loss  of  metal  Such  fine  ore 
may  be  tempered  with  water,  dried^  and  broken  into  luinps.    If 
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clay  or  silex  exists  in  the  mass,  the  addition  of  a  little  slacked 
lime  will  cause  the  dried  ore  to  be  quite  hard ;  and  if  pure  lime 
cannot  make  it  strong  enough  to  resist  the  friction  of  coal  in  the 
furnace,  a  little  clay-water  added  to  it  will  efiect  it. 

Fluoces, — ^We  have  noticed  this  subject,  in  previous  parts  of 
this  work,  and  allude  here  merely  to  those  fluxes  applicable  to 
the  smelting  of  iron. 

In  practice  we  are  limited  to  a  few  minerals  as  flux — ^lime- 
atone  for  silicious  ore ;  and  silicious  clay,  or  other  silicious  com 
pounds,  for  calcareous  ore.  When  either  lime  or  silex  is  in 
excess  in  any  ore,  the  work  in  the  fttmace  is  imperfect — ^much 
coal  is  used,  and  labor  wasted.  One  of  the  first  maxims  in  select- 
ing flux,  should  be  that  it  contains  an  admixture  of  iron ;  and 
if  such  cannot  be  obtained,  which  is  most  frequently  the  case 
with  limestone,  an  impure  is  preferable  to  a  pure  limestone.  The 
leading  principle  in  aU  smelting  operations  is,  to  smelt  by  as  low 
a  heat  as  possible.  The  oxidized  elements  which  enter  an  iron 
blast-furnace  do  not  melt  by  themselves,  at  least  not  at  a  low 
heat ;  a  mixture,  and  an  intimate  mixture  of  ore  and  fluxes,  is 
the  most  profitable  condition  under  which  smelting  may  be  car- 
ried on.  K  these  conditions  cannot  be  realized  absolutely,  be- 
cause it  would  be  too  expensive,  they  ought  to  be  present  to  the 
mind  of  the  smelter  at  all  times,  and  his  endeavor  must  be  to  ap- 
proach them.  Limestone  does  melt,  but  not  pure  lime ;  limestone 
mixed  with  silex  melts  more  readily  than  when  pure,  and  still 
inore  so  when  clay  is  present;  and  at  a  lower  heat  still  when 
iron  also  is  added.  This  principle  we  have  explained  before. 
An  ore  which  contains  all  the  elements  requisite  to  melt  at  a 
moderate  heat,  and  still  is  easily  fusible  after  the  metal  is  re- 


494  lOBTALLUBGY. 

moved,  is  in  the  best  form  of  ore,  it  works  with  the  least  fojel. 
If  the  latter  condition  is  not  complied  with,  or  the  residue  of  the 
ore  ftisible,  it  belongs  to  the  refractory  kind,  and  is  expensiYe  in 
smelting.  The  true  theory  of  smelting  is,  to  faae  the  metal  firsts 
and  remove  it  &om  the  ore  at  a  lower  heat  than  that  at  which 
the  impurities  melt.  All  the  metal  should  be  removed  before 
slag  is  formed.  When  these  conditions  are  compUed  with,  and 
the  slag  melts  at  a  moderate  heat,  smelting  goes  on  most  profit- 
ably. In  practice  it  does  not  happen  very  often  that  ores  which 
act  in  this  manner  are  found,  at  least  not  in  large  quantitie& 
Bog  ores,  yellow  and  brown  hematites,  are  sometimes  found  of  a 
suitable  composition.  In  the  State  of  New  Jersey,  at  Andover,  a 
primitive  ore  is  mined  and  smelted  which  affords  flux  in  its  own 
composition.  These  ores  prove  in  practice  the  correctness  of  the 
above  statements.  Fluxes,  of  course,  do  not  always  consist  of  the 
same  substance.  K  silex  is  the  predominating  or  only  foreign 
matter  in  the  ore,  limestone  must  be  the  flux;  and  limestone 
which  contains  clay,  like  some  of  that  in  the  coal-formations,  is 
preferable  to  pure  or  silicious  limestone.  K  lime  is  present  in 
the  ore,  and  if  it  is  the  cause  of  resistance  to  fusion,  silex  or  aili* 
cious  rock  containing  clay,  must  be  added  in  order  to  smelt  the 
ore  perfectly.  Clay  ores,  such  as  frequently  occur  and  are  mined 
in  the  coal  formation,  do  not  work  so  well  with  pure  limestone 
as  with  a  silicious  limestone.  Iron,  when  present  in  these  fluxes, 
no  matter  if  they  are  limestone,  slate,  shale,  or  clay,  has  a  bene- 
ficial influence ;  because  it  is  in  small  quantities  which  cannot 
easily  be  removed,  it  causes  the  flux  to  melt  and  float  down  until 
it  meets  the  ore,  upon  which  it  will  settle  and  with  which  it  will 
combine.  It  is  easily  perceived  that  when  an  incongruent  mass 
of  various  infusible  substances  is  brought  in  contact,  it  will  re- 
quire a  long  time,  and  consequently  much  fuel,  before  they  are 
imited.  In  all  cases,  one  of  the  ingredients  in  the  furnace  ought 
to  be  fusible  at  a  moderate  heat. 

It  has  been  proposed,  and  experiments  to  this  effect  have 
been  made,  to  mix  all  the  necessary  ingredients  in  a  furnace,  and 
melt  them  together  before  it  is  charged.  After  the  explanations 
already  given  in  this  work,  it  is  not  necessary  to  demonstrate 
that  such  experiments  must  prove  futile.  K  all  the  necessary  sub- 
stances were  finely  ground  and  formed  into  lumps  and  so  charged 
to  the  furnace,  there  is  no  doubt  they  would  work  well,  but  in 
no  other  form.    But  this  mode  of  smelting  would  prove  too  ex- 
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pensive,  even  if  half  the  lonount  of  fuel  could  be  saved  by  the 
operation.  A  ton  of  ore  or  flux  cannot  be  pounded  fine  for  less 
than  $1,  which,  together  with  mixing  and  burning  lime,  will  add 
at  least  $4  to  the  present  expenses  for  a  ton  of  iron.  Still,  some- 
thing advantageous  might  be  done  by  these  or  similar  means,  in 
particular  cases.  There  is  no  doubt  fuel  may  be  saved  in  such 
an  operation,  and  the  yield  of  a  furnace  increased ;  but  it  will 
entirely  depend  on  the  nature  of  the  ore,  and  the  fuulities  with 
which  it  may  be  crushed. 

It  has  recently  been  suggested,  and  also  asserted,  that  advan- 
tages are  to  be  derived  from  using  quicklime  instead  of  lime- 
stone as  flux.  We  do  not  doubt  that  the  result  of  such  ap- 
plications may  be  beneficial  in  particular  cases ;  but  our  own 
experience  has  shown,  that  quicklime  is  not  generally  favor- 
able to  smelting.  Coal  is  saved  in  a  small  degree,  but  the 
quality  of  the  iron  invariably  suffers  more  than  the  gain  in 
coal  can,  balance.  All  fluxes,  as  well  as  ore,  ought  to  be  porous 
and  in  the  highest  state  of  oxidation;  we  should  be  cautious 
before  applying  limestone  in  a  calcined  state.  We  shall  allude 
to  this  subject  again. 

Artificial  Fluoces, — Much  has  been  said,  and  many  experi- 
ments have  been  tried,  on  the  application  of  artificial  fluxes  in 
blast-fiimaces ;  that  is,  fluxes  which  do  not  occur  as  minerals, 
but  are  artificially  prepared — ^such  as  common  salt,  potash,  soda, 
and  other  substances.  There  cannot  be  any  doubt  as  to  the  cor- 
rectness of  the  principles  upon  which  such  applications  are  re- 
conmiended ;  but  the  difficulty  of  applying  them  appears  to  be 
the  chief  obstacle.  We  know  that  admixtures  to  ore,  which 
are  present  in  so  small  quantities  as  to  defy  detection,  impart  a 
character  to  the  iron  which  is  smelted  fix)m  it  The  superiority 
of  charcoal  iron  cannot  be  owing  to  any  other  cause  than  to  the 
small  amount  of  potash  present  in  the  charcoal.  Still,  we  do  not 
find  potassa  in  the  cinders  of  a  charcoal  furnace,  nor  do  we  find 
potassium  in  the  pig-iron.  There  are  on  an  average  firom  one  to 
two  per  cent,  of  carb.  of  potash  in  charcoal,  and  consequently  in 
the  iron,  or  slag,  made  by  charcoal.  Some  of  this  alkali  may  be 
carried  away  by  the  waste  gases  at  the  trundle-head,  but  still,  it 
cannot  be  entirely  lost  in  that  way.  There  must  be  small  quan- 
tities of  potash  in  the  slag,  as  well  as  in  the  iron ;  or  else  it  is  all 
in  the  slag.  The  difficulty  attending  the  successful  application  of 
such  fluxes,  must  be  sought  for  in  the  high  heat  and  strong  cur- 
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rent  of  blast  in  the  fomace.  The  first  evaporates  all  rach  fltuBn^ 
and  the  latter  carries  them  off-— even  when  in  combination  witli 
silex.  The  only  way  to  bring  such  fluxes  into  suooeBsM  use^ 
is  to  dissolve  small  quantities  in  water,  and  soak  the  ore  in 
such  water.  This  will  prevent  evaporation  to  a  certain  pcijstf 
but  not  altogether;  for  the  application  of  such  fluxes  is  wh 
necessary  in  any  instance.  In  smelting  by  charcoal  they  are  not 
needed,  and  in  smelting  by  anthracite  or  coke  th^  axe  useless; 
for  the  strong  blast  either  removes  them,  or  renders  them  ineffi* 
dent.  The  materials  charged  in  a  blast-furnace  ought  to  melt 
easily,  but  at  the  same  time  resist  heat  and  force  of  cuirent.  By 
personal  experiments  we  never  found  any  advantage  in  aj^ly- 
ing  such  substances,  and  entertain  doubts  if  any  person  ever  did 
or  will.  The  intimate  combinations  formed  by  nature  we  can- 
not easily  imitate,  at  least  not  so  as  to  make  them  available  tot 
practice. 

Amount  of  Fluxes. — On  the  amount  of  fluxes,  not  much  can 
be  said ;  a  certain  proportion  of  every  principal  constituent  in 
the  mixture  of  ore  and  flux  is  advantageous.  The  average  of  a 
good  composition  of  furnace  slag  is  nearly  40  silica,  20  lime,  12 
alumina,  12  magnesia,  and  some  oxide  of  manganese  and  oxide 
of  iron ;  there  are  however  others  which  answer  equally  as  welL 
We  shall  explain  hereafter  the  instances  in  which  lime  or  silex 
must  be  added.  This  is  altogether  a  practical  subject,  so  &r  as 
particulars  are  concerned.  No  slag,  or  composition  of  ore  and 
flux,  can  be  determined  d  priori^  nor  with  the  assistance  of  the 
best  assays  of  all  the  minerals  in  composition.  We  may  oome 
very  near  to  the  true  composition,  but  not  always  to  the  definite 
quantities.  Purely  silicious  ore,  requires  more  limestone  than 
that  which  contains  silex  and  clay.  Smelting  by  mineral  coal 
occasions  the  use  of  more  lime  than  smelting  by  charcoal ;  and 
by  impure  coal  more  than  that  coal  which  is  not  much  adulter- 
ated with  ashes.  Fluxes  should  be  broken  into  equal  firagmentS; 
of  2  inches  for  charcoal,  and  8  to  4  inches  for  anthracite  coal  or. 
coke. 

Mixing  of  Minerals, — ^In  order  to  insure  regular  and  economical 
work  in  a  furnace,  the  minerals  should  be  mixed  in  certain  pro- 
portions, according  to  the  quantities  of  each  kind  which  are  at 
disposal.  In  this  instance,  as  in  others,  it  is  true  that  the  greater 
the  number  and  variety  of  elements,  the  more  prosperous  will 
be  the  work.    Six  kinds  of  ore  work  better  when  mixed  toge- 
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ther  in  a  furnace,  than  two  kinds.  One  kind  of  ore  does  not 
work  well ;  it  requires  much  coal  and  is  vexatious  to  the  smelter. 
In  mixing  the  ore  a  certain  quantity — say  fifty  wheelbarrows  ftdl 
— are  spread  on  a  level  floor  in  the  bridge-house,  in  a  stratum  of 
uniform  thickness.  Upon  this  a  stratum  of  a  second  kind  of  ore 
is  spread ;  then  a  third,  fourth,  &c.,  all  in  ratio  to  the  mixture 
calculated.  On  the  top  of  this  bed  of  ore,  the  flux  is  levelled  in 
the  necessary  proportion.  From  this  bed  a  charge,  ready  mixed, 
is  weighed  as  it  is  wanted.  At  most  of  our  furnaces  this  im- 
portant part  of  the  business  is  often  left  to  careless  hands,  who 
take  a  certain  quantity  of  ore  from  each  kind,  also  some  flux,  and 
charge  that  into  the  ftimace  promiscuously.  On  the  same  prin- 
ciple that  many  kinds  of  ore  work  better  together  than  each 
singly — and  on  the  principle  that  the  close  contact  of  various 
particles  of  matter  causes  them  to  unite,  or  melt,  at  a  lower  de- 
gree of  heat  than  when  farther  separated ;  for  these  same  reasons 
the  ore  ought  to  be  well  mixed.  It  should  not  be  placed  in  the 
fturnace  in  heaps — that  is,  a  wheelbarrow  full  of  magnetic  ore  in 
one  part,  and  half  a  barrow  full  of  hematite  in  another  place, 
and  thus  with  the  other  kinds.  K  the  fragments  of  ore  and  flux 
are  all  of  the  same  size,  the  rule  in  mixing  them  must  be,  to  asso- 
ciate together  a  certain  number  of  pieces  of  each  kind  of  ore,  and 
add  its  ratio  of  flux.  A  charge  composed  of  such  uniform  parcels, 
we  may  call  a  unit  of  the  composition. 

The  method  adopted  at  charcoal  ftimaces,  is  to  fill  iron  or 
wooden  boxes  with  ore,  and  weigh  them  as  represented  in  fig.  218. 
On  the  side,  A,  of  the  balance-beam  there  is  simply  an  iron  rod 
with  weights,  which  may  be  either  of  the  common  form,  or  cast 
in  round  plates.  As  many  empty  ore-boxes  as  must  be  filled  for 
one  charge,  are  placed  on  the  platform  at  the  other  end  of  the 
beam.  This  weight  is  permanent,  and  only  altered  when  found 
necessary  in  consequence  of  the  working  of  the  furnace.  A  cer- 
tain number  of  boxes  filled  with  the  different  kinds  of  ore,  is  thus 
weighed.  By  these  means  the  ore  is  mixed  in  such  proportions 
as  may  be  determined  by  the  smelter.  One  box  generally  con- 
tains from  50  to  75  pounds,  and  in  some  cases  100  pounds  of  ore. 
Flux  is  in  such  cases  charged  by  measurement,  or  weighed  on  a 
second  scales.  This  mode  of  mingling  the  ore  is  not  so  very  ob- 
jectionable, but  still  it  is  not  sufficiently  accurate,  and  it  is  labori- 
ous. 

At  anthracite  and  coke  furnaces^  the  method  is  to  fill  them 
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by  wheelbarrows,  and  as  the  charges  at  these  furnaces  are  heaYy, 
there  is  little  objection  to  this  method  of  determining  the  ratios 
of  ore,  and  also  of  flux.    But  the  manner  in  which  the  ore  is 


Flo  218. 


generally  thrown  into  the  furnace,  is  faulty.    As  we  have  already 
said,  it  cannot  be  expected  that  smelting  should  be  performed  to 
advantage,  when  ore  of  the  same  composition  is  put  in  separate 
parcels  into  a  furnace.    Let  us  suppose  that  a  furnace  with  a  wide 
throat,  receives  four  wheelbarrows  of  ore,  each  of  a  different  kind ; 
and  also  a  wheelbarrow  full  of  flux.     We  know  very  well  that 
no  two  ores  melt  alike  at  the  same  heat ;  and  the  very  object 
of  using  a  variety  of  them,  is  to  make  a  mixture  which  will  melt 
at  a  certain  heat.    If,  in  charging  the  ore,  each  is  thrown  by  it* 
self,  and  the  flux  by  itself,  the  ore  or  flux  which  melts  at  the 
lowest  heat  will  flow  down  into  the  hearth,  and  leave  the  more 
refractory  ones  behind.    The  advantages  of  a  mixture  are  thus, 
if  not  entirely,  at  least  in  a  great  measure,  lost.     When  one  kind 
of  ore  is  thus  thrown  on  one  side  of  the  furnace,  which  is  very 
frequently  the  case,  and  the  furnace  is  worked  by  a  number  of 
tuyeres,  one  side  will  invariably  work  differently  from  the  other. 
When  we  reflect  on  the  nature  of  iron  ore,  and  its  action  in  the 
furnace,  we  are  astonished  that  more  disturbances  do  not  ha{^n 
to  some  furnaces.    In  all  instances,  no  matter  in  what  form  the 
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ore  is  charged,  whether  by  means  of  boxes  or  wheelbarrows,  the 
most  re&actorj  material  ought  to  fonn  &e  lowest  layer ;  this  may 
be  limestoDe  or  ore ;  and  the  most  fiisible  should  be  at  the  top  of 
the  charge.  We  mtist  remember  here  that  the  residuum  of  the 
ore  after  the  metal  is  extracted  &om  it  determines  its  fusibihtr^. 
A  silicate  of  iron — forge  cinder — is  very  fluid,  but  still  it  forms 
in  most  cases  a  re&actory  ore ;  for,  when  the  iron  is  extracted 
from  it,  there  remains  a  skeleton  of  silicious  matter  which  does 
not  easily  unit«  with  alkaline  fluxes. 

When  ore  is  charged  by  means  of  wheelbarrows,  these  ought 
to  be  of  similar  weight,  so  that  the  same  adjustment  of  scales  serres 
for  the  different  ones.  The  barrows  are  generally  constructed  of 
iron,  as  shown  in  flg.  219.     They  are  pushed  on  a  platform  of  the 


scales,  which  is  level  with  the  floor  of  the  bridge-house,  weighed, 
and  emptied  into  the  furnace.  The  form  of  these  barrows  is  not 
always  the  same.  The  form  represented  above  is  not  so  common 
as  the  two-wheeled  barrow,  such  as  are  used  for  carrying  fiiel 
to  the  furnace.    We  shall  show  this  hereafter. 

Property  of  Cast-iron. — Before  entering  upon  the  subject  of 
the  smelting  of  ore,  we  will  point  out  some  of  the  distingdshing 
features  of  cast-iron.  It  is  not  our  province  to  explain  the  me- 
chanical properties  of  metals.  This^elongs  to  the  department  of 
mechanics.  We  shall  mention  them  only  so  far  as  they  have  any 
bearing  upon  the  value  of  the  metal.  Crude  iron,  as  it  is  known 
in  commerce,  is  divided  into  three  principal  classes,  namely, 
No.  1,  No.  2,  and  No.  3.  The  firat,  gray-iron,  constitutes  the 
miun  body  of  foundry  iron ;  No.  2  is  used  in  foundries  and  forges ; 
and  No.  3  in  forges  ezclamvely.    Grade  iron  is  composed  chiefly 
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of  iron,  which  is  always  present  to  at  least  90  per  cent^  snd 
not  often  to  more  than  97  per  cent.  Besides  iron,  there  xnaj  be 
present  silica,  sulphur,  phosphorus,  arsenic,  and  manganese ;  in 
fact,  all  known  elements,  gaseous  matter  not  excepted ;  for  some 
crude  iron  contains  nitrogen,  which  amounts  in  some  instances  to 
1  per  cent  Some  of  the  admixtures  of  iron  are  in  chemical  com- 
bination with  it,  others  are  of  a  mere  mechanical  character. 

Gh-ay  Pig  Iron. — ^No.  1  foundry  pig.     However  gray  or  often 
black  this  iron  may  be,  it  does  not  contain  so  much  carbon  as 
some  kinds  of  white  iron.    It  has  been  mentioned  in  the  alloys 
of  iron  that  carbon  may  be  present  in  two,  and  even  three  dis- 
tinct forms.    The  maximum  of  carbon  in  gray  iron  is  not  often 
more  than  3*5  per  cent.,  and  the  very  darkest  often  falls  below 
this  mark.     Some  gray  charcoal  pig  may  contain  4*5  per  cent,  of 
carbon,  but  never  more  than  that.     The  texture  of  this  iron  ap- 
pears to  be  granulated ;  but  by  close  examination  it  is  found  that 
the  finest  grain  is  formed  of  crystals,  of  larger  or  smaller  size.     In 
very  dark  charcoal  or  anthracite  iron,  we  find  these  crystals 
often  large  and  distinct.     The  fine  gj-ain  or  size  of  crystals  de- 
pends, in  fact,  on  the. form  in  which  carbon  or  other  impurities 
are  mixed  with  the  iron.     All  chemical  compounds  are  more  or 
less  white  and  brilliant,  and  show  large  crystals ;  and  all  mechsr 
nical  compounds  are  grained,  that  is,  show  very  small  crystals. 
We  cannot  illustrate  this  subject  better  than  by  analogy.    When 
alum,  or  any  other  salt,  is  mixed  with  a  substance  which  dis- 
solves in  the  same  menstruum,  water,  and  which  combines  with 
alum,  we  obtain  a  body  of  well-defined  crystals  in  evaporating, 
or  cooling.    If  we  mix  a  solution  of  alum  with  carbon,  or  clay, 
or  any  finely  divided  substance,  and  evaporate  it,  we  do  not  ob- 
tain large  crystals,  but  an  apparently  homogeneous,  granulated 
mass,  which  shows  the  color  of  the  admixture.    We  obtain  simi- 
lar results  in  all  cases  when  a  body  which  crystallizes  by  its  own 
cohesion  is  mixed  with  matter  which  does  not  unite  with  it- 
chemically.     Notwithstanding  the  inherent  cohesive  force  is  not 
entirely  destroyed  the  body  wjll  crystallize,  although  the  crystals 
may  be  extremely  small.     The  same  is  true  of  iron.    At  a  low 
heat — ^that  is,  a  cherry -red  heat — ^iron  and  carbon  do  not  combine 
chemically,  at  least  they  separate  in  cooling  when  the  latter  is 
conducted  slowly.     At  a  higher  heat  carbon  is  dissolved  in  iron, 
and  crystallizes  with  it.     This  explains  the  variety  of  crude  iron. 
Gray  iron  is  therefore  chiefly  a  mechanical  combination  of  carbon 
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and  iron;  the  crystals  of  the  metal  are  often  so  small'as  to  be  im- 
perceptible. This  is  particularly  the  case  with  iron  smelted  from 
argillaceous  ore — ^as  some  of  the  Baltimore  iron — and  it  is  always 
an  indication  of  a  strong  iron,  more  suitable  for  the  forge  than 
the  foundry,  provided  it  has  been  smelted  by  charcoal.  Scotch 
[Hg  has  a  similar  appearance,  particularly  when  remelted ;  but 
the  quantity  of  other  foreign  substances  present  besides  carbon, 
disqualifies  it  for  the  forge,  however  superior  it  is  for  small  cast- 
ings. Anthracite  iron  does  not  often  show  a  fine  grain ;  the  best 
foundry  pig  shows  on  fracture  large  crystals  of  black  iron.  Simi- 
lar to  this  is  the  dark-gray  charcoal  pig  of  the  Western  iron- 
works. The  large  black  crystals  are  indicative  of  a  strong,  pure 
iron;  for  a  weak  iron,  with  much  carbon,  cannot  form  large 
crystals.  The  size  of  the  grain  may  be  thus  made  a  guide  to  de- 
cide on  the  value  of  gray  pig  as  a  foundry  metal.  The  darker 
die  iron,  the  softer  it  will  be ;  for  the  carbon  is  chiefly  a  mechani- 
cal admixture,  and  imparts  its  color  to  the  metal.  When  black 
metal  shows  large  crystals  in  the  fracture,  it  is  indicative  of  strong 
metal ;  for  weak,  impure  metal  cannot  contract  so  strongly  as  to 
form  large  crystals.  The  mode  of  cooling  the  pig — ^that  is,  the 
material  of  which  the  pig-bed  at  the  ftimace  is  formed — has  some 
influence  on  the  color  of  the  metal ;  a  damp  sand-bed  will  cause 
the  iron  to  be  brighter  and  not  so  black  as  it  would  be  if  cabt  in 
dry  coal  or  coke  dust,  or  a  mixture  of  sand  and  dust.  Notwith- 
standing all  measures  which  may  be  employed  to  cause  the  iron 
to  be  dark,  a  weak  impure  iron  cannot  be  made  to  show  kish,  or 
large  black  crystals.  Impure  iron  never  assumes  a  velvety  black 
color,  and  the  larger  the  amount  of  foreign  matter  besides  carbon, 
the  more  the  iron  deviates  from  that  color.  This,  of  course,  re- 
lates to  soft  iron  cast  in  a  dry  bed,  not  to  hardened  or  chilled 
iron.  Gray  iron  is  not  so  dense  as  white  iron ;  its  specific  gra- 
vity is  found  as  low  as  7*,  while  white  pig-iron  may  be  7*5 
or  7-6. ' 

MotUed  Iron, — No.  2  pig-iron.  This  is  either  used  for  remel^ 
ing  in  the  foundry  for  large  castings,  or  employed  in  the  forge 
for  wrought-iron.  As  a  class  it  includes  a  great  variety  of  iron, 
and  it  is  almost  impossible  to  form  an  opinion  as  to  its  quality 
by  mere  external  examination.  The  fracture  of  this  iron  may  be 
fijie-grained,  show  large  crystals,  or  be  a  mixture  of  both,  as  its 
name  indicates.  The  form  of  the  fracture  depends  in  some 
measure  on  the  manner  in  which  it  has  been  cast    Slow  cooling 
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in  a  dry  pprous  pig-bed,  causes  grain;  rapid  cooling  incbillfl^ 
causes  more  decided  crystals.    In  the  same  manner  its  color  is 
affected ;  the  first  method  produces  a  darker  color  than  the  latter. 
This  iron  may  contain  more  carbon  than  gray  iron,  most  gener- 
ally it  has  less ;  still,  there  is  no  necessity  of  its  containing  less 
than  No.  1.    Nothing  can  be  stated  which  indicates  the  quality 
of  this  iron  for  strength ;  not  even  the  actual  trial  of  breaking  a 
pig,  is  indicative  of  its  real  quality.     It  may  break  very  strong, 
and  be  weak  after  remelting  or  refining ;  it  may  break  weak,  and 
be  the  contrary.    The  quality  of  No.  2  crude  iron  depends  on 
the  manner  of  smelting,  and,  of  course,  on  the  ore.     When  a 
furnace  is  charged  with  much  ore,  and  the  iron  smelted  at  a 
low  heat,  No.  2  iron  is,  or  may  be  produced.     When  only  a  little 
ore  is  charged — that  is,  the  furnace  works  by  light  burden — a 
similar  iron  in  appearance  may  be  the  consequence.    But,  be- 
tween these  two  kinds,  there  is  a  marked  difference.     The  former 
is  always  purer,  and,  however  short  it  breaks  in  the  pig,  will 
make  stronger  castings,  and  in  all  instances  a  superior  bar-iron 
to  the  latter.    We  may  state  that  the  iron  of  heavy  burden  is  of 
a  more  mottled  appearance,  than  that  of  light  burden ;  but  this 
is  by  no  means  generally  the  case.     This  iron  may  show  a  very 
mottled  fracture,  and  be  as  weak  in  the  forge  as  in  the  foundry. 
The  color  of  the  iron  is  here,  as  in  most  other  instances,  the  b«st 
means  of  judging  of  its  quality,  which,  when  guided  by  expe- 
rience, may  be  relied  on  with  some  degree  of  certainty.     Pure 
iron  has  a  fine  silver- white  color,  and  rather  less  lustre  than  sil- 
ver ;  carbon  is  black  when  free,  but  when  chemically  combined 
with  iron  it  does  not  change  its  color  materially.     Good  iron  is 
composed  of  these  two  colors  ;  any  admixture  of  blue  or  yellow, 
any  high  lustre,  is  indicative  of  some  impurities,  which  impair 
the  strength  of  the  metal.     In  this  iron  in  general  a  part  of  the 
carbon  is  chemically,  and  a  part  mechanically  combined. 

White  Iron, — No.  3  pig-iron,  or  plate-iron.  The  Germans 
understand  by  this  term,  a  kind  of  iron  which  is  not  manufec- 
tured  in  this  country — at  least  not  to  any  extent ;  it  is  the  iron 
resulting  from  the  smelting  of  sparry  carbonates.  The  only  iron 
we  can  include  in  this  class  is  white-pig  and  plate-iron  from  the 
run-out  fires.  It  is  asserted  that  this  iron  contains  more  carbon 
than  gray  or  mottled  iron ;  this  applies  to  the  above-mentioned 
German  variety,  but  not  generally  to  our  white  iron.  We  may 
state  that,  on  an  average,  our  white  iron  contains  less  carbon  than 
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the  mottled  or  gray  iron ;  which  however  must  be  taken  with  due 
allowance  as  to  its  mode  of  manufacture.  Any  iron,  in  fact  any 
metal  or  substance  whatever,  which  is  chemically  combined  with 
another,  forms  crystals.  White  iron  may  contain  little  or  no 
carbon,  and  show  a  perfectly  crystalline  fracture ;  but  that  iron 
which  is  crystallized  with  carbon  only,  is  the  best  of  this  kind. 
We  see  here  that  no  reliance  can  be  placed  on  crystallization  as 
indicative  of  the  amount  of  carbon  present  Such  iron  may  be 
very  impure,  or  may  be  of  first-rate  quality;  the  presence  of 
crystals  and  absence  of  black  spots,  does  not  indicate  any  thing. 
Black  spots  show  only  that  all  ingredients  are  most  intimately 
chemically  connected.  Sulphur,  phosphorus,  silicon,  carbon — in 
fistct,  all  matter  has  the  same  efiect  here  in  respect  to  crystalliza- 
tion. We  doubt  if  any  opinion  can  be  formed  on  the  quality  of 
this  metal,  from  the  form  of  its  crystals,  because  of  the  variety 
of  matter  which  may  be  present,  and  which  has  a  modifying 
effect  on  the  forms  of  the  crystals.  In  this  instance,  as  in  all 
others,  the  color  and  lustre  of  the  metal  is  the  only  guide ;  white, 
with  not  too  much  lustre,  is  an  indication  of  good  quality.  A 
colored  iron,  of  high  lustre,  we  may  reasonably  suspect  of  being 
impure. 

In  conclusion,  we  will  point  to  some  general  characteristics  of 
the  various  kinds  of  crude  iron.  Gray  iron  does  not  become  quite 
so  fluid  on  melting,  as  white  iron;  but  it  retains  its  fluidity 
longer.  When  the  crystals  of  iron  are  flattened  and  form  span- 
gles, the  metal  is  generally  impure  and  weak;  strong  iron 
crystallizes  in  columns,  which  incline  to  the  octahedral  form. 
These  crystals  are  best  observed  by  breaking  a  piece  of  iron 
when  hot,  or  not  cooled  so  far  as  to  be  black.  Gray  iron  is  gen- 
erally soft,  and  white  iron  is  hard ;  but  when  the  latter  is  tem- 
pered, or  annealed,  as  in  the  case  of  malleable  cast-iron,  it  is  as 
soft  as  gray  iron.  Hardness  is  not  the  result  of  cohesion  only,  or 
of  a  definite  mixture ;  it  is  caused  by  both  cohesion  and  crystalli- 
zation. Therefore  white  iron  may  be  perfectly  malleable ;  this  de- 
pends on  the  manner  of  cooling.  Gray  or  annealed  iron  has  less 
power  to  resist  crushing  than  white  iron,  which  has  more  than 
wrought-iron ;  but  the  resistance  to  torsion  and  rupture  is  very 
small  in  crystallized  iron.  Granulated  iron  is,  in  all  cases,  more 
malleable  than  crystallized  metal.  The  average  of  contraction  is 
about  1  part  in  100,  from  the  fluid  to  the  solid  cold  state ;  this  is 
however  modified  by  the  quality.    Grray  strong  iron  condenses 
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more  than  gray  weak  iron,  and  white  iron  less  than  gray  iroDL 
With  equal  composition,  gray  iron  requires  a  little  higher  heaet 
than  white  iron  for  fusion.     This  fact  can  be  inferred,  d  priori^ 
from  the  nature  of  the  compositions ;  a  chemical  compound  mehs 
at  a  lower  heat  than  a  mechanical  mixture  of  similar  composi- 
tion.    Cold  cast-iron  will  sink  in  melted  cast-iron,  which  is  in 
conformity  with  a  general  law ;  but  when  cast-iron  is  heated  to 
redness,  it  will  float  on  molten  iron.     This  apparent  exception  of 
a  law  of  nature  is  caused  by  the  difference  in  the  specific  qualit3r 
of  the  composition.    When  cast-iron,  or  steel,  is  melted,  or  heated 
to  a  certain  degree,  the  carbon  is  dissolved  in  the  iron.     In  cool- 
ing, carbon  endeavors  to  liberate  itself  and  expands  the  metal ; 
it  is  condensed  again  by  the  cohesive  force  of  the  iron  cooling  to 
a  lower  degree.     When  cold  cast-iron  is  heated  to  such  a  degree 
that  the  expansive  force  of  carbon  is  sufficient  to  overcome  the  co- 
hesion of  the  iron,  it  will  expand  the  metal ;  but  condense  again, 
on  being  chemically  united,  and  absorbed  by  the  fluid  metal.    This 
quality  of  carbon,  or  want  of  affinity  below  a  certain  temperature, 
is  the  cause  of  sharp  castings ;  the  expansion  of  carbon  when  the 
iron  is  yet  soft,  presses  it  into  the  finest  pores  of  the  mould,  pro- 
vided its  surface  is  hot.     This  accounts  for  the  superior  softness 
of  castings  made  in  coal-dust,  or  sand  mixed  with  coal — the 
surface  of  the  metal  is  hot  and  will  yield  to  the  expansion  from 
within ;  but  when  the  surface  is  hard  and  chilled,  the  carbon  and 
iron  are  forced  into  close  contact,  and  in  most  cases  form  white 
iron.     The  process  of  annealing  or  tempering,  may  be,  therefore, 
partially  supplied  by  a  bad  conductor  of  heat,  or  a  substance 
which  generates  heat — such  as  carbon  or  hydrogen.     All  cast- 
ings made  in  carbon  are  softer  and  more  gray,  than  those  made 
in  sand ;  which  also  are  softer  than  those  made  in  metal  moulds, 
or  in  good  conductors  of  heat.     We  observe  here  distinctly,  that 
the  mere  compression,  or  force  of  cohesion,  is  the  cause  of  hard- 
ness and  crystallization.     Cohesion  may  be  effectually  performed 
by  mechanical  pressure.     When  gray  cast-iron  is  tempered,  or 
annealed,  it  becomes  soft  and  extremely  brittle,  which,  when  the 
iron  contains  much  carbon,  amounts  to  a  complete  annihilation 
of  cohesion.     Dark  gray  iron,  annealed  in  a  crucible  under  cover 
of  carbon,  becomes  perfectly  brittle,  so  as  to  be  easily  converted 
into  powder.     Gray  iron,  cast  in  coal-dust,  or  which  is  still  better, 
bituminous  coal-slack  mixed  with  sand,  becomes  very  soft  and 
brittle.    Gray  cast-iron,  provided  it  is  pure,  is  not  so  much  at- 
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tacked  bj  rust  as  white  iron  and  wrought-iron.    Sulphur  dis- 
poses it  to  oxidize ;  so  does  silicon. 

Before  closing  these  remarks,  we  will  allude  to  the  advan- 
tages or  disadvantages  arising  from  chilling  iron  when  it  comes 
from  the  blast-furnace.  It  is  in  all  instances  advantageous  to  cast 
iron  in  chills,  that  it  may  be  free  from  sand — particularly  when  it 
is  to  be  used  in  the  forge.  Sand  does  no  harm  to  foundry-pig ;  on 
the  contrary  it  is  better  protected  against  oxygen  when  covered 
with  it  and  a  coating  of  protoxide,  so  as  to  prevent  the  access  of 
air  to  its  interior.  In  running  iron  into  chills,  it  is  suddenly 
cooled,  and  in  consequence  becomes  hard,  brittle,  and  is  full  of 
fissures.  The  finest  steel  loses  its  cohesion  in  hardening;  the 
absence  of  sound  indicates  that  no  connection  exists  between  the 
particles.  Crude  iron  thus  chilled  in  cold  water  becomes  a  mass 
of  minute  fragments,  adhering  slightly  together,  and  subject  to 
oxidation.  Moisture  penetrates  such  iron  very  readily.  By 
these  means  some  of  the  impurities  are  oxidized,  and  may  be 
more  easily  removed  in  refining  or  puddling.  The  improve- 
ment thus  obtained  is  but  slight,  and  amounts  to  nothing  in  iron 
which  contains  phosphorus,  or  matter  which  is  chemically  com- 
bined with  the  metal.  Carbon  and  silicon,  metals  which  oxi- 
dize sooner  than  iron,  may  be  oxidized  in  some  measure  by  these 
means,  and  are  then  more  easily  removed.  When  crude  iron  is 
designed  to  remain  a  long  time  in  the  yard,  it  is,  in  all  instances, 
a  great '.advantage,  so  far  as  quality  is  concerned,  to  have  it 
chilled. 

Smelting, — This  is  an  operation  which  is  performed  in  the 
blast-fiurnace,  as  it  is  termed,  because  of  its  size  and  auxiliaries. 
In  it  the  separation  of  the  metal  from  the  ore  depends  on 
the  presence  of  heat,  carbon,  and  the  condition  that  the  metal 
is  heavier  than  the  oxidized  substances  which  form  the  slag. 
We  shall  not  mention  those  old  methods  of  constructing  frimaces 
which  possess  a  mere  historical  interest ;  but  we  shall  notice  those 
important  modifications  of  the  present  apparatus  which  have  a 
bearing  upon  the  results  of  thi»  operation.  Blast  furnaces  are 
used  exclusively  in  this  country,  for  smelting  fluid  iron,  and  most- 
ly gray  iron.  In  some  parts  of  Europe,  a  lump  of  solid  iron  is 
formed  in  the  hearth  of  the  furnace.  But  this  is  an  expensive 
way  of  smelting  irou,  and  not  proper  for  imitation. 

Fig.  220  shows  a  vertical  section  of  a  modern  blast-ftimace. 
These  furnaces  are  from  25  to  60  feet  high,  and  as  ¥ride  at  the 
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base.  In  almost  all  instances,  the  bulk  of  the  mason-work  is  oott- 
structed  of  rough  stones.  Sandstone  is  preferable,  but  any  kind 
may  be  used  except  limestone.    The  furnace  itself  forms  a  pyra- 


midal mass  of  masonry,  commonly  as  wide  at  tue  base  as  the 
height  from  the  floor  to  its  mouth.  The  interior  of  the  furnace 
is  formed  of  fire-proof  material,  the  lower  parts  of  sandstone,  and 
the  upper  of  firebrick.  The  lower  part,  marked  h,  forms  the 
crucible,  or  hearth,  at  which  is  the  strongest  heat,  and  where  that 
part  of  the  ore  which  has  not  been  smelted  in  higher  parts  of  the 
fiirnace  is  melted.  This  part  is  most  commonly  square,  its  sides 
are  from  20  inches  to  6  feet  wide,  and  it  is  never  leas  than  6  feet, 
ofien  8  feet  high.  The  atones  of  which  they  are  built  in  this  coun- 
try are  exclusively  sandstones,  while  in  Europe,  we  find  them 
csonstnicted,  not  only  of  this  material,  but  also  of  granite,  gneiss, 
and  even  limestones ;  the  latter,  however,  are  becoming  rare. 
Above  the  hearth  h,  the  furnace  widens  rapidly  and  forms  a  gen- 
tle slope,  b  the  boahes,  where  the  furnace  is  gradually  converted 
from  a  square  to  a  round  form.  At  the  top,  or  widest  part  of  the 
boshes,  which  varies  from  8  to  18  feet  in  diameter,  the  horizontal 
section,  of  the  interior  of  a  furnace  is  a  perfect  circle,  which  is 
continued  up  to  its  mouth.  We  coincide  with  many  of  our  fiir- 
nace men  in  calling  the  receiving  part  of  the  furnace,  its  month, 
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instead  of  trundle-head,  or  tunnel-head,  or  some  other  unmeaning 
term.  This  round  part  of  the  fiimace  is  most  generally  formed 
of  firebrick,  but  in  some  instances  of  sandstone  or  shale.  It  has 
the  form  of  an  inverted  cone,  in  which  the  sides  are  more  or  less 
curved.  This  part  of  the  furnace,  marked  z,  is  termed  the  in-wall  or 
lining.  All  those  parts  below  the  lining  are  solid  stones,  and  closely 
joined  to  the  rough-walls.  The  lining  itself  is  not  close  to  the 
rough  wall ;  there  is  a  space  between  marked  Z,  from  6  to  8  inches 
wide,  filled  with  broken  stones,  or  broken  furnace  slags ;  these 
are  loose,  so  as  to  admit  of  an  independent  motion  of  the  in-wall, 
which  is  for  these  reasons  made  of  firebrick.  Eough  stones  ex- 
pand and  contract  more  than  firebrick,  and  are  more  liable  to 
fractures,  and  as  injury  to  the  in-wall  may  cause  serious  losses, 
the  safest  plan  is  to  use  good  firebrick  for  its  construction.  The 
bricks  are  generally  moulded  in  the  proper  manner  for  forming  a 
circle ;  and  are  from  13  to  18  inches  in  length,  which  size  decides 
the  thickness  of  the  in-wall.  The  in-wall  rests  on  the  rough  wall 
of  the  stack,  and  is  in  many  instances  supported  by  heavy  cast- 
iron  beams,  which  form,  in  the  mean  time,  the  tuyere  arches.  The 
mouth  of  the  furnace  is,  in  some  instances,  very  narrow,  in  others 
wide ;  this  depends  on  the  size  of  the  furnace,  kind  of  ore,  fuel, 
blast,  and  management.  The  diameter  of  this  throat  varies  from 
20  inches,  to  more  than  10  feet.  In  the  majority  of  cases  the 
mouth  is  provided  with  a  cast-iron  cylinder,  which  forms  the 
throat  This  cylinder  receives  the  cold  material,  and  is  thus 
prevented  from  melting,  or  from  injury.  The  top  of  the 
furnace  is  generally  crowned  with  a  chimney,  e,  as  wide,  or 
somewhat  wider  than  the  mouth  of  the  furnace;  it  is  provided 
with  one  door  at  small  furnaces,  and  with  several  at  large 
furnaces.  Through  these  doors  the  smelting  materials  are 
charged. 

At  the  lower  part  of  the  fiirnace  we  observe  some  arches,  or 
recesses  in  the  masonry  of  the  stack.  These  are  formed  by  divid- 
ing the  basis  of  the  furnace  into  4  piers,  as  shown  in  fig.  221,  and 
are  called  side-arches,  H  H,  and  back-arch,  F,  and  work-arch  G. 
These  recesses  are  generally  covered  by  semicircular  brick  arches^ 
in  few  instances  they  are  formed  of  cast-iron  beams.  The  arches 
are  from  8  to  16  feet  wide,  according  to  the  size  of  the  furnace. 
At  large  furnaces,  a  communication  between  these  arches  is  effect- 
ed by  a  gangway,  1 1 1 1,  piercing  the  piers.  The  front  or  work- 
arch,  often  called  tymp-arch,  shows  that  the  crucible  is  open  here ; 
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the  discharge  of  the  metal  aod  slag  is  prevented  by  the  d&m-stone 
K,  which  is  of  a  triangular  section,  bedded  in  fire-daj  apoa  the  bot- 
tom stone  L  is  the  ^mp-stone ;  it 
forms,  bj  bemg  raised  from  15  to 
24  mchea  above  the  bottom  stone, 
the  aperture  for  the  dischai^ge  of 
the  smelted  toatter,  and  aSorda 
ample  space  for  the  removal  of 
aoj  obstructions  which  may  hap- 
pen to  be  formed  in  the  hearth. 
There  are  some  peculiarities  in 
the  relative  position  of  dam-stone 
and  tymp  which  we  shall  point 
out  here^ter  The  tymp,  as  well 
as  dam  slone,  are  covered  with  a 
heavy  cast-iron  plate,  to  prevent 
their  being  injured  by  charging 
heat  From  the  top  of  the  dam,  a  gentle  slope  is  formed  for  the 
discharge  of  slag  which  floats  continually  from  the  furnace.  At 
the  base  of  the  dam-stone  a  small  aperture,  the  tap-hole,  is  formed 
by  cutting  a  part  off  from  this  stone  before  it  is  bedded. 


Bi  fig.  222  an  enlarged  view  of  the  hearth  and  boshes  is  rep- 
resented, which  presents  all  their  parts  more  distinctly.  It  shows 
the  principal  joints  of  the  hearthstones,  and  the  manner  in  which 
the  boshes  are  formed.     These  are,  in  small  furnaces,  constructed 
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of  a  mixture  of  clay  and  sand,  and  in  large  charcoal,  anthracite, 
and  coke  furnaces,  either  of  firebrick  or  of  Bandetones. 

In  the  plan  here  represented,  the  furnace  is  provided  with 
three  tuyeres,  T.  The  blast  pipes  are  conducted  from  the  blast 
machine  under  the  bottom  stone  of  the  hearth,  and  branches  from 
it  are  led  to  the  tuyeres.  Small  charcoal  furnaces,  which  smelt 
from  20  to  25  tons  of  metal  per  week,  work  by  one  tuyere,  from 
one  of  the  side  arches.  Large  charcoal  furnaces  are  worked  by 
two  tuyeres,  on  the  opposite  sides ;  while  anthracite  or  coke  fur- 
naces, generally  have  three,  and  some,  five  or  six  tuyeres.  Con- 
ducting the  blast  pipes  under  ground  it  has  advantages  in  respect 
to  saving  room,  but  it  causes  vexation  in  case  any  accidents  hap- 
pen to  them ;  which  often  occur  by  using  hot  blast.  It  affords, 
however,  in  the  mean  time,  the  security  of  a  dry  bottom  stone, 
which  is  of  great  value  at  any  fiimace.  If  the  blast  pipes  are  thus 
conducted  under  the  hearth,  they  should  be  placed  in  a  spacious 
channel,  so  that  necessary  repairs  may  be  effected  at  any  time. 
The  bottom  stone  is  laid  upon  a  strong  cast-iron  plate,  which 
covers  this  channel. 

The  rough  walls  of  a  furnace  may  be  erected  with  little  lime 
mortar  in  the  joints;  in  feet,  roughly  laid  stones  appear  to  form 
the  best  stacks.  When  the  masonry  is  well  joined,  and  filled 
close  with  mortar,  a  system  of  air-channels  is  required  to  facilitate 
the  escape  of  moisture  which  adheres  tenaciously  to  any  masonry. 
In  all  instances,  a  stack  may  be  erected  of  hewn  stones,  bricks, 
or  ore  roughly  put  together ;  but  a  well-arranged  system  of  iron 
binders  is  required  to  prevent  a  sepa 

ration  of  the  mason-work  in  conse        _^  j_ 

quence  of  the  ever  active  expansion 
and  contraction  of  the  building  mate- 
rials. The  mode  of  affixing  these 
iron  binders,  or  ties,  is  indicated  m 
the  various  drawings ;  and  more  par 
ticularly  in  fig.  223,  which  presents 
a  horizontal  section  through  the 
widest  part  of  the  boshes.  The  par 
ticulars  respecting  the  arrangement  ■ 
of  these  ties  are  subject  to  the  discre 
tion  of  the  builder ;  but  we  may  remark  that  there  never  can  be 
too  many  binders  in  a  stack.  A  large  number  of  light  bars  is 
preferable  to  a  small  number  of  heavy  ones.     These  bindera  are 
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wTought-iron,  generally  square  bars  from  1^  to  2  inches,  provided' 
with  keys  at  both  ends,  in  preference  to  screws  and  sots,  which 
are  not  often  used.  Each  end  of  a  binder  is  also  provided  with 
a  lai^e  cast-iron  washer,  which  covers  the  channel  as  well  as  the 
stones  nearest  to  the  binder.  Aa  we  have  said,  the  form  of  these 
binders  ia  generally  that  of  a  square  bar ;  but  a  flat  form  of  ban 
is  preferabla  These  binders  are  located  in  spacious  channels,  so 
that  they  may  be  taken  out,  and  mended  in  case  any  of  them 
break. 

The  iiimace  represented  in  fig.  224,  is  located  near  the  side  of  a 


ateep  hill.  The  hill  and  furnace  are  then  connected  by  a  bridge, 
constructed  ofwood,  or  in  some  instances  of  atones,  or  bricks.  Upon 
this  bridge  a  light  buUding,  the  bridge-house  is  erected,  which 
serves  as  a  storehouse  for  fuel,  ore,  and  flux,  sufficient  to  feed  the 
furnace  for  one  or  two  days.  Dry  stock  is  thus  protected  against 
rain  or  snow.  At  large  furnaces,  no  such  use  is  made  of  the 
bridge-house,  because  it  would  require  to  be  of  too  large  dimen- 
sions. When  a  furnace  is  erected  on  a  level  place,  or  when  no 
advantages  can  be  obtained  by  locating  the  stack  near  a  hill,  which 
is  decided  by  the  mode  of  supplying  the  ore  and  coal,  these  ma- 
terials are  hoisted  by  machinery  into  a  tower.  Wheelbarrows, 
which  contain  the  smelting  materials,  are  pushed  upon  platforms 
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and  are  raised  by  chains  to  the  top  of  the  fiimaoe.    In  fig.  226, 
Buch  an  arrangement  is  represented.     The  tower  N,  is  generally 


erected  of  strong  timbetB,  and  its  top  connected  with  that  of  the 
fumade  by  means  of  a  wooden  bridge.  A  platform  is  made,  which 
forms  in  the  mean  time  a  cassoon,  for  the  reception  of  bo  much 
water  as  will  balance  the  load  of  ore,  or  coal.  Two  such  platfomu 
are  suspended  on  a  strong  chain,  over  a  rope-barrel,  and  when 
the  lower  platform  is  loaded,  a  current  of  water  is  conducted 
by  means  of  leather  hose,  into  the  box,  or  cassoon,  which 
forms  the  upper  platform.  When  the  amount  of  water,  which 
flows  from  a  reservoir  placed  at  the  top,  together  with  the  empty 
barrows,  is  heavier  than  the  loaded  platform  below,  the  water  ia 
shut  off,  and  the  loaded  platform  ascends,  while  the  empty  one 
descends.  When  the  cassoon  with  water  arrives  beneath,  the  up- 
per platform  is  locked,  and  the  water  below  is  discharged  by  a 
self-acting  valve,  into  a  drain  below  the  level  of  the  floor.  The 
rope-barrel  is  provided  with  a  strong  brake  by  which  to  arrest 
the  machinery,  in  case  an  accident  happens  to  any  part  of  iL 

Thb  machinery  for  hoisting  is  convenient,  inasmuch  as 
the  power  to  set  it  in  motion  is  easily  applied,  and  always  at  the 
conunand  of  the  workmen,  provided  the  cistern  is  always  supplied 
with  water.  At  the  furnace  here  represented,  the  hot  blast  ap- 
paratus is  placed  at  the  top.  The  cold  blast  is  conducted  upward, 
and  the  hot  air  down  to  the  tuyere.    Under  this  arrangement, 
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consideiable  pressure  in  the  blast  is  lost^  which  maj  be  in  some 
measure  modified  by  employing  wide  pipes.  At  most  furnaces 
which  have  been  recently  erected,  both  hot  blast  and  steam-boil- 
ers, which  supply  the  blast-engine  with  steam,  are  located  on  the 
top  of  the  furnace.  For  these  reasons,  the  area  at  the  top  is  en- 
larged. The  furnaces  are  thus  made  more  massive,  consequently 
there  is  less  loss  of  heat  by  radiation  &om  the  furnace,  and  room 
for  a  large  mouth.  The  hot-blast  apparatins:  is,  in  these  instances, 
located  behind  the  steam  boilers ;  it  receives  tiie  waste  heat  when 
it  has  passed  the  boilers.  In  some  instances  the  top  fiame  is 
divided  and  partly  led  under  the  boilers,  and  partly  into  the  hot- 
air  stove. 

Working  the  Furnace. — ^Whatever  may  be  the  dimensions  of 
a  furnace,  or  whatever  kind  of  fuel  or  ore  is  used,  the  work  is 
more  or  less  modified  by  local  circimistances.  When  a  furnace 
is  newly  built,  or  has  been  out  of  blast,  or  has  a  new  hearth  put 
in,  a  slight  fire  is  at  first  kindled  at  the  bottom  while  the  dam-stone 
is  wanting.  In  order  to  protect  the  hearthstone  against  the  im- 
mediate contact  of  a  strong  heat,  it  is  lined  with  common  bricks, 
which  prevents  the  flying  of  these  stones.  The  aperture  formed 
by  the  tymp,  bottom  stone,  and  side  stones,  is  walled  up  by  com- 
mon brick,  and  only  a  few  small  apertures  admit  of  air  for  com- 
bustion. The  hearth  and  stack  are  thus  slowly  dried,  which  may 
require  from  3  to  10  days.  When  the  hearth  has  been  for  some 
days  thoroughly  warm,  the  brick  lining  is  removed,  and  it  is  filled 
to  the  top  of  the  boshes  with  either  charcoal,  anthracite,  or  coke, 
whichever  may  be  the  combustible  used  for  smelting.  The  tymp 
is  open,  in  case  the  hearth  is  warm  and  dry ;  but  when  any  doubt 
exists  as  to  its  being  dry,  ashes  or  sand  is  thrown  on  the  coal  in 
the  tymp  to  prevent  a  rapid  fire.  In  order  to  remove  clinkers, 
which  may  be  formed  in  the  hearth,  it  is  cleaned  every  12  or  24 
hours ;  and  when  the  heat  is  strong,  or  an  early  starting  of  the 
furnace  is  contemplated,  a  grate  is  formed  by  means  of  ringers — 
long  iron  bars — as  shown  in  fig.  226.  Thus  a  strong  draught  is 
produced,  a  rapid  combustion  ensues,  and  the  heat  is  augmented. 
K  these  bars  are  withdrawn  after  fiflxjen  minutes  or  half  an  hour's 
time,  the  hot  coal,  descending  on  the  clean  hearthstones,  will  heat 
them  thoroughly,  and  prepare  them  as  well  as  the  bottom  stone 
for  the  reception  of  hot  metal.  One  day,  sometimes  two  or  three 
days'  heat,  which  time  may  be  shortened  by  the  repeated  forma* 
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tion  of  grates,  will  prepare  the  hearth ;  the  iiiel  has  been,  all  this 
time,  held  as  high  as  the  boshes. 


When  thus  far  heited,  the  furnace  may  be  charged  with  ore. 
In  small  charcoal  furnaces,  the  coal  is  generally  filled  higher 
than  the  boshes,  but  m  large  ones,  and  those  which  are  tho- 
roughly heated,  there  is  no  need  ot  having  much  fuel.  The 
furnace  is  now  regularly  charged,  ^lternate!y  with  ore  and  coal; 
the  ore  amounts  to  only  half  of  a  fuU  charge,  but  the  measure  of 
coal  is  always  the  same.  These  charges  are  not  made  in  rapid 
succession,  but  the  Same  is  allowed  to  become  visible  on  the  top 
of  the  last  charge  before  another  is  filled.  The  fiimace  is  thus 
slowly  fed  by  alternate  charges  of  ore  and  coal ;  and,  in  order  to 
facilitate  the  ascent  of  the  gases,  coarse  coal  is  selected,  or,  when 
charcoal  is  used,  brands  or  wood  are  mixed  with  the  coal.  When 
full  to  the  very  top,  the  furnace  is  ready  to  receive  blast,  and  not 
sooner.  Some  founders  usually  let  on  blast  before  a  furnace  is 
quite  full.  This  is  imprudent;  it  causes  disorder  from  the  start. 
When  the  furnace  is  thus  filled,  the  ore  is  drawn  down  by  re- 
peated gratings,  which  are  so  man^;ed  that  the  bottom  is  properly 
heated.  When  the  first  signs  of  slag,  or  iron,  appear  at  the  tymp 
or  the  tuyeres,  the  bottom  is  once  more  cleared  of  all  adhering 
cinder,  the  dam-stone  put  in  its  place,  and  the  dam-plate  bedded 
in  clay  upon  it.  A  large  coal,  or  coke,  or,  what  is  better  still,  a 
mixture  of  fine  damp  coal  and  a  little  clay,  is  filled  into  the  tap- 
hole  ;  a  stopper,  or  at  first  only  heavy  dust,  is  filled  under  the 
tymp,  and  the  blast  put  on.  At  the  first,  only  weak  blast  is  used ; 
in  fact,  for  the  next  two  or  three  weeks,  the  fiimace  does  not 
receive  full  blast,  in  order  not  to  injure  the  new  hearth  and  in- 
walls  by  a  too  sudden  and  strong  heat.    A  fiimace  is  stouter 
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with  abotit  half  the  pnasare  whicfa  it  will  take,  and  that  { 
aHv  increased  in  the  coarse  of  some  weeks.  A  few  boon'  blMt 
will  raise  the  floid  cinder  lo  the  top  o(  the  dam-stone ;  the  blMt 
maj  now  be  stopped  for  a  few  minntes,  the  heanh  tried  by  a 
light  bar  as  to  cleanlinesB,  and  if  foond  free  frcnn  clinkers  or  oold 
slag,  a  light  stopper  is  formed  of  dar  and  ooat-dost,  the  tmm 
ahat,  and  the  bUut  let  in  again.  The  melted  iron  acaunnlata 
now  at  the  bottom  of  the  hearth,  and  the  slag  rona  over  the 
dam-plate  and  is  carried  awav.  The  fomace,  of  ooaise,  is  per- 
petually filled  with  coal  and  ore,  ao  that  the  materials  are  always 
level  with  the  top.  It  most  be  a  standard  mle,  never  to  blow  a 
furnace  bj  low  stock,  no  matter  bow  it  works:  it  most  be  fhlL 
Id  cases  of  imminent  danger  of  chilling,  a  wnking  of  chaives  m 
excusable,  but  only  to  be  refilled  by  dead  charges^  that  ia,  ooal 
without  ore. 

It  will  require,  according  to  the  kind  of  furnace,  from  12  to 
24  hours  to  fill  the  hearth  nnth  iron.     If  possible,  the  iron  oof^ 
to  come  near  the  top  of  the  dam,  before  the  tap^ole  is  opened 
for  the  first  time.     The  tap-hole  is 
"'  ""  generally  at  the  right>hatKi  side  ia 

the  tyrap-arch,  near  A,  fig.  227.  A 
channel, — run, — dug  in  moulding 
sand,  conducts  the  iron  to  the  pig- 
bed,  B,  where  the  pigs  are  pre- 
yiously  moulded  into  sand  or  coal- 
dust,  or  dust  of  anthracite  or  coke, 
by  means  of  wooden  patterns.  Run* 
ning  the  iron  into  iron  chills  is  not 
much  practised.  It  is  confined  to 
only  a  few  furnaces  near  Baltimore. 
If  the  iron  is  tapped  before  the  pool 
is  quite  full,  the  hearthstones  below  the  tuyeres  are  liable  to  be 
coated  with  a  dry,  tenacious  cinder,  which  may  cause  serious 
vexation.  Such  dry  cinders  cause  cold,  white  iron,  and  may 
occasion  the  freezing  of  the  iron  in  the  bottom.  When  the  iron 
is  thus  tapped  from  the  furnace,  the  blast  is  slaked,  ca  stopped, 
the  clinkers  and  cold  cinder  removed,  and  a  fresh  stopper  of  day 
and  sand  placed  under  the  tymp,  and  the  blast  put  on  again. 

The  first  iron  made  should  always  he  gray  iron ;  for  these 
reasons  the  ore  charges  are  light  An  increase  of  ore  must  he 
made  gradually  and  very  slowly,  proceeding  with  the  ( 
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caution  as  to  the  increase  of  burden.  White  or  mottled  iron,  in 
the  first  week  of  a  blast,  is  an  indication  of  scaffolding  the  fur- 
nace. The  fluid  cinder  thus  formed  is  liable  to  adhere  to  the 
in- walls  and  cause  troublesome  concretions.  When  gray  iron  is 
smelted,  the  cinder  is  not  very  fluid,  and  may  descend  into  the 
crucible  before  it  becomes  sticky,  where  the  heat  is  strong  enough 
to  remove  it  at  any  time. 

The  tymp  arch  is  divided  into  two  parts,  as  shown  in  fig.  227. 
The  run  for  the  fluid  iron  is  as  much  lower  than  the  part  C  in  the 
middle,  as  liie  height  of  the  dam-stone.  C  forms  somewhat  of  a 
slope,  falling  trom  the  dam-stone  gently.  At  the  left-hand  side 
are  two  cavities,  into  which  the  cinder  runs  alternately.  About 
a  ton  of  it  is  necessary  to  fill  such  a  cavity  with  slag.  A  piece 
of  pig-iron,  or  any  other  iron,  is  set  vertically  into  the  centre 
of  the  empty  cavity,  the  cinder  flows  around  it,  by  which  it  is 
firmly  held,  and,  when  the  mass  is  nearly  cold,  it  may  be  lifted 
by  means  of  a  crane  located  at  D.  It  is  deposited  on  a  horse-cart, 
and  carried  away.  The  slope  C  is  separated  from  the  run  A,  and 
firom  the  slag-trough,  by  cast-iron  plates,  set  so  close  to  both  sides 
as  to  afford  only  sufl&cient  room  for  either  the  iron  or  the  slag  to 
be  removed.  The  room,  or  slope,  thus  formed,  is  necessary  for 
the  furnace-men  to  stand  upon  and  work  the  furnace.  In  order 
to  make  this  space  as  large  as  possible,  the  tymp  arch  is  consider- 
ably larger  than  the  tuyere  arch. 

Bemarks. — Having  thus  far  given  a  general  description  of  a 
blast-furnace,  its  construction  and  mode  of  operation,  we  will  now 
take  notice  of  some  of  its  most  important  particulars.  To  com- 
mence with  the  bottom  stone.  This  part  of  the  furnace  should 
be  particularly  dry,  and,  if  convenient,  even  warm.  A  cold  or 
damp  bottom  causes  white  iron  and  waste  of  fuel.  In  some  parts 
of  Europe,  particularly  in  Sweden,  the  bottom  is  purposely  kept 
cool ;  but  not  so  in  this  country.  It  happens  at  some  old  furnaces 
that  the  foundation  is  not  perfectly  dry,  for  want  of  drains ;  but 
furnaces  recently  erected  are  well  provided  with  means  for  the 
removal  of  moisture.  Some  kinds  of  ore,  but  chiefly  the  quality 
of  iron  smelted,  afford  the  reasons  for  having  a  cold  bottom 
stone ;  considering,  however,  the  greater  use  of  ftiel  incident  to 
it,  the  advantages  are  in  favor  of  a  dry  and  warm  bottom.  The 
leading  form  should  be  the  one  represented  in  fig.  228,  for  the 
foundation  of  a  furnace.  A  spacious  arch-way  crosses  under  the 
furnace  between  the  pillars,  so  that  a  man  may  enter  and  examine 
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it  Any  moisture  which  happens  to  penetrate  from  above,  which 
is  often  the  case  at  hot-blast  furnaces,  thus  eubsidea  quickly,  and 
cannot  do  much  harm.    In  the  mean  time,  it  affords  au  oj^xw 


tonity  of  correcting  the  discharge  of  water,  in  case  there  is  any 
obstruction,  A  damp  bottom  stone  is  not  only  the  cause  of  waste 
of  fuel,  bnt  it  produces  vexatious  concretions  of  cinder  below  and 
around  the  tuyere,  which  cause  much  trouble  to  the  founder. 
The  bottom  stone  should  be  in  one  piece,  if  possible,  but  there  is 
not  much  harm  done  if  it  is  spliced,  provided  the  joint  is  close, 
and  the  stone  safely  bedded.  It  should  be  a  hard,  well-dried 
sandstone,  with  a  uniform  grain. 

The  plan  of  the  hearth  is  a  square,  and  seldom  round  or 
elliptic;  the  dimensions  of  the  hearth  depend  entirely  on  cir- 
cumstances. A  furnace  in  western  New- York, — Siscoe  furnace, 
— which  melts  a  mixture  of  magnetic  ore  and  hematites,  princi- 
pally the  former,  is  2  feet  10  inches  wide,  18  inches  high  below  the 
tuyere,  and  20  inches  above  the  tuyere,  where  the  boshes  com- 
Fi(  is»  mence     Such  a  low  hearth  is  suitable  for 

,  magnetic  ore  ipithic  ore,  and  some  specular 
ores,  but  it  \\  ould  not  work  well  with  hema- 
tites ,   for  the  latter  kind   of  ore  requires 
.  higher  hearth  above   the    tuyere.     The 
charcoal  furnaces  of  Pennsylvania  are  not 
often  less  than  4  feet  high  above  the  tuyere. 
Ores  which  melt  easily,  or  which  are  porous 
and  form  gray  iron,  ought  to  be  smelted  in  a 
high  hearth     The  height  of  a  hearth  is  regu- 
^^^^  ~        -         lated  by  the  ore,  but  the  size  of  it  at  the 
tuyere  is  determined  by  the  fuel     A  hearth  for  anthracite  or 
coke  IB  not  higher  than  a  charcoal  hearth.     For  ores  which  melt 
with  difficiUty,  a  low  hearth,  in  &ct  one  where  the  boshes  com- 
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mence  at  the  tuyere,  as  shown  in  fig.  229,  is  considered  profitable, 
and  for  porous  hematites  it  may  reach  1'6  feet  above  the  tuyere. 
The  space  below  the  tuyere  is  generally  plumb ;  above  it,  the  bat- 
ter is  fix)m  j\  to  i,  that  is,  one  half-inch  to  the  foot  for  very 
mild  ores,  and  2  inches  to  the  foot  for  refractory  ones.  A  high 
crucible  has  always  more  taper  than  a  low  one ;  and  one  for  rich 
or  refractory  ores,  more  than  one  for  impure  and  fusible  ores. 
When  forge-pig  is  smelted,  the  hearth  is  lower  or  more  tapered 
than  for  gray  or  foundry-pig.  The  hearth  should  be  wider,  and 
have  more  batter,  when  much  than  when  only  a  little  iron  is  to 
be  smelted.  The  height  and  batter  of  a  hearth  is  in  fact  not  of 
so  much  importance  as  is  commonly  supposed.  It  is  expensive 
to  smelt  gray  iron  in  a  low  or  much-tapered  hearth,  and  it  is 
expensive  to  manu&cture  forge-pig  in  a  high  hearth.  A  high 
hearth  always  causes  inferior  forge-iron.  The  high  crucible  saves 
fuel  and  ore,  but  works  slow.  If  we  assume  that  a  furnace  with- 
out  a  hearth,  where  the  tuyere  is  only  8  or  10  inches  above  the 
bottom,  and  the  batter  of  the  boshes  drawn  down  to  the  tuyere, 
as  shown  in  fig.  229,  and  also  that  a  furnace  of  this  construction 
produces  the  best  forge-iron, — then  regarding  this  as  one  extreme 
of  the  forms  of  a  hearth,  and  considering  the  other  extreme  to  be 
a  hearth  6  feet  high,  and  only  half-inch  batter  to  the  foot,  and 
assign  to  this  the  capacity  of  producing  the  best  foimdry-pig 
iron, — ^we  shall  have  the  intermediate  forms  nearly  in  the  follow- 
ing order  for  ores.  Starting  with  no  hearth,  or  the  lowest 
hearth,  low  pressure  in  blast,  forge-pig,  and  much  iron,  the  ores 
which  may  be  smelted  to  advantage  are  as  follows :  raw  sparry 
carbonates,  raw  magnetic  ore,  silicates  and  forge-cinder,  raw 
argillaceous  ore,  crystallized  peroxide,  specular  ore,  compact 
peroxide,  red  oxides,  roasted  carbonates,  roasted  magnetic  ore, 
roasted  argillaceous  ore,  raw  hematites,  roasted  hematites,  pure 
bog  ores,  and  bog  ores  which  contain  much  phosphate.  The 
series  of  ore  inverted  will  work  in  a  high  hearth,  strong  blast, 
foundry-pig,  and  smelt  slowly.  Bog  ore  may  be  smelted  in  a 
low  hearth,  but  not  to  advantage.  As  the  ores  are  generally 
impure,  a  great  deal  of  iron  is  lost  in  the  slags,  and  consequently 
much  coal  is  used;  the  yield  is  bad,  and  however  good  the  iron 
may  be  in  the  forge,  it  is  of  no  use  in  the  fotmdry.  K,  on  the 
contrary,  we  smelt  refractory  ore,  commencing  with  the  series,  in 
a  high  hearth,  the  yield  is  poor,  much  coal  is  used,  the  iron  never 
good  for  the  forge,  and  not  useful  in  the  foimdry.    We  thus  see 
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how  much  the  form  of  a  hearth  is  dependent  upon  a  variety  of 
circumstances,  which  must  be  considered  in  its  constraction.  If 
we  erect  a  cylindrical  high  hearth  for  smelting  magnetic  ore,  and 
intend  to  smelt  good  forge-pig,  and  much  of  it,  we  certainly  &il 
in  the  attempt.  And  if  we  desire  to  produce  foimdry-pig,  of  bog 
ores,  in  a  furnace  without  a  hearth,  we  shall  find  the  iron  very 
poor,  weak,  and  hard,  consuming  much  coal  and  ore  in  its  mann- 
fiicture,  and  not  suitable  at  all  to  be  worked  in  the  forge.  By 
considering  these  facts,  we  distinguish  easily  the  correct  form  of 
hearth  for  certain  kinds  of  ore,  as  well  as  quality  and  yield  of 
iron. 

Widtli  of  Hearth, — One  side  of  a  horizontal  section  of  the 
hearth,  or  the  distance  between  the  tuyeres,  is  never  less  than  18 
inches,  and  not  larger  than  8  feet.     Round  or  oval  sections  of 
crucibles  are  not  often  used,  and  we  shall  not  allude  to  them- 
The  true  measure  of  a  hearth  is  the  contents  of  the  arem  for  which 
we  assume  one  side  of  a  square.    These  dimensions  are  somewhat 
controlled  by  the  nature  of  the  ore,  but  depend  chiefly  on  the 
quality  and  kind  of  fuel,  on  the  quantity  and  kind  of  iron  to  be 
smelted,  on  the  pressure  of  the  blast,  and  on  the  number  of 
tuyeres.     A  hearth  of  only  18  inches  square  at  the  tuyere,  which 
is  worked  by  one  tuyere,  will  make  very  little  iron, — 2  or  2\ 
tons  in  24  hours.     These  dimensions  are  only  suitable  for  work- 
ing by  weak  blast,  with  half-pound  pressure,  and  charcoal.     In 
fact,  all  dimensions  below  80  inches  are  for  charcoal  only.     A 
hearth  of  24  inches  may  produce  from  3  to  5  tons  per  diem,  with 
three-fourths  of  a  pound  blast  and  one  tuyere ;  two  tuyeres  may 
bring  the  yield  to  6  tons  per  day.     A  hearth  of  30  inches  may 
be  worked  by  three  tuyeres,  three-fourths  of  a  pound  to  one 
pound  pressure,  and  produce  from  6  to  10  tons  of  metal  in  24 
hours.     The  ore  has  much  influence  on  the  yield.     A  hearth  of 
at  least  30  inches,  and  from  that  to  4  feet  in  width,  is  used  for 
smelting  by  coke,  the  yield  of 'the  furnace  being  in  ratio  to  the 
size  and  amount  of  blast ;  it  varies  from  10  tons  per  diem  to  16 
or  17  tons.     We  find  in  anthracite  furnaces, — ^the  largest  hearths 
in  them, — the  distance  between  the  opposite  tuyeres  is  not  less 
than  40  inches,  and  sometimes  it  is  as  wide  as  6  feet     An  old 
hearth  is  frequently  found  to  work  well  with  a  width  of  8  feet 
The  yield  in  these  furnaces  varies  from  10  tons  per  diem  to  80 
tons,  according  to  size,  ore,,  pressure  of  blast,  and  number  of 
tuyeres.    Large-sized  hearths  are  generally  of  a  round  form. 
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Pressure  of  Blast — The  density  of  blast  depends  strictly  on 
the  quality  of  fuel,  as  has  been  detailed  in  the  second  part  of  this 
work,  Chap.  VI.  It  has  been  observed  that  soft  charcoal  works 
best  witii  I  to  f  of  a  pound  pressure  to  the  square  inch;  hard 
charcoal,  with  f  to  1  pound  pressure.  The  best  wood-charcoal 
will  not  bear  more  than  this  density.  Raw  bituminous  coal,  or 
coke,  is  worked  to  advantage  with  2|  pounds  to  4  pounds  pres- 
sure, and  anthracite  should  have  at  least  four  pounds.  We  have 
no  evidence  that  more  density  is  injurious  to  the  operation  with 
anthracite.  When  less  pressure  than  this  is  at  our  disposal,  either 
from  want  of  power  or  an  imperfect  blast  machine,  the  width  of 
the  hearth  should  be  reduced,  to  produce  the  necessary  force  of 
current  in  the  fuel.  When  hot  blast  is  used  the  densities  are  as 
above  stated,  but  with  cold  blast  they  may  be  considerably  in- 
creased. As  the  effects  of  hot  blast  may  be  in  some  measure 
produced  by  higher  densities,  the  best  results  must,  aa  a  matter 
of  course,  be  obtained  when  pressure  and  temperature  are  so 
regulated  as  to  work  the  ore  with  the  smallest  amount  of  fiiel. 
We  are  not  informed  what  density  of  cold  blast  anthracite  coal 
will  bear ;  but  we  know  that  strong  coke  will  bear  6  pounds,  hard 
charcoal  1  to  1^  pounds,  and  soft  charcoal  to  {  and  1  pound. 

Numher  of  Tuyeres. — The  number  and  size  of  tuyeres  depend 
on  the  size  of  hearth,  the  quantity  of  iron  to  be  made,  and 
whether  hot  or  cold  blast  is  used.     In  a  small  furnace,  where 


charcoal  is  used  and  the  production  is  limited,  but  one  tuyere  is 
used  i  and  this  is  applied  at  one  side  of  the  hearth,  as  shown  in 
Hg.  230,  aud  at  the  side  of  the  tap-hole.    It  is  a  remarkable  &ct, 
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that  all  attempts  have  proved  futile  to  work  a  fiimaoe  by  placmg 
the  tuyere  in  the  back  stone,  opposite  the  tymp.  This  appeals 
to  be  its  natural  position,  but  in  practice  it  does  not  prove  so. 
Good  coal,  Visible  ore,  strong  blast,  and  a  well-sized  hearth,  will 
produce  a  large  quantity  of  iron  with  one  tuyere.  Some  fumaoes 
smelt  as  much  as  seven  tons  per  diem  by  these  means.  There 
are  great  advantages  in  working  one  tuyere,  particularly  with  re- 
fractory ores  and  cold  blast.  All  clayish  and  silicious  ores  work 
better  with  a  single  one.  When  a  second  tuyere  is  used,  it  is 
placed  opposite  the  one  shown  above.  At  charcoal  furnaces  we 
do  not  often  find  a  third  tuyere.  At  coke  and  anthracite  fiir- 
naces  we  find  at  least  two  tuyeres,  and  in  most  cases  three;  and 
sometimes  as  many  as  five  or  six.  Then  the  section  of  the  hearth 
is  round,  and  the  tuyeres  are  placed  as  shown  in  fig.  231.  This 
arrangement  is  well  adapted  to  work  by  hot-blast,  but  trouble- 
some in  using  cold-blast  on  account  of  the  cooling  influence  of 
the  many  apertures.  Blast,  strongly  heated  so  as  to  prevent 
chills  at  the  tuyeres,  works  admirably  well  by  such  an  arrange- 
ment. A  wide  hearth  and  hot-blast  will  admit  of  the  use  of  more 
tuyeres,  than  a  narrow  hearth  and  cold-blast. 

Sixe  of  Boshes, — That  part  of  the  furnace  commencing  at  the 
top  of  the  crucible,  which  forms  a  slope  more  or  less  steep,  the 
form  of  which  varies  very  much,  will  be  easily  understood  after 
the  preceding  remarks.  The  width  of  boshes,  which  means  the 
largest  diameter  of  the  interior  furnace,  depends  in  some  measure 
on  the  fuel,  but  chiefly  on  the  quantity  of  blast  which  is  brought 
to  bear  upon  the  fuel.  The  diameter,  or  rather  the  slope  of  the 
boshes,  depends  also  on  the  kind  of  ore  which  is  smelted.  We 
may  reasonably  assume,  that  this  slope  is  intended  to  perform  a 
certain  service ;  and  that  can  be  no  other  than  gradually  to  dimi- 
nish the  force  of  the  current  of  blast.  As  has  been  demonstrated 
in  previous  pages,  the  current  of  blast  carries  along  with  it  par- 
ticles of  carbon,  which  may  be  either  dissolved  in  the  gases  or 
not.  They  will  be  deposited,  where  the  current  or  temperature 
is  too  weak  to  hold  them  longer  in  suspension.  This  fine  carbon 
is  absorbed  by  the  porous  ore.  The  size  of  the  boshes  must  be, 
therefore,  in  ratio  to  the  quantity  of  blast  and  the  kind  of  fuel ;  as- 
suming that  both  current  and  temperature  are  at  the  greatest  diam- 
eter, so  far  diminished  as  to  deposit  the  particles  of  carbon.  If 
the  boshes  are  too  narrow  for  a  certain  quantity  of  blast,  the 
point  of  depositing  carbon  is  carried  higher,  and  the  smelting  of 
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the  ore  commences  where  it  is  liable  to  deposit  re&actorj  slag  on 
the  slope,  causing  scaffolding.  If  the  diameter  is  too  large,  the 
ores  are  carbonized  too  low,  and  the  slightest  alteration  of  heat 
must  inevitably  deposit  partially  melted  ore  in  the  widest  part  of 
the  boshes,  causing  concretions.  In  cases  of  doubt,  it  is  preferable 
to  have  the  boshes  too  narrow,  rather  than  too  wide ;  but  we  must 
be  aware,  that  nothing  has  more  influence  upon  the  quantity  of 
metal  smelted  than  the  dimension  of  the  boshes.  But  if  the  fur- 
nace cannot  be  supplied  with  sufficient  blast,  it  is  very  vexatious 
to  have  the  boshes  too  wide.  The  extreme  diameters  in  use,  are 
from  7  to  18  feet.  Charcoal  furnaces  will  bear  9J,  and  in  some 
instances  10  feet  of  width ;  but  the  latter  is  rather  a  large  size. 
Coke  furnaces  are  not  often  less  than  12  feet,  and  do  not  work 
well  if  larger  than  15  feet.  Anthracite  appears  to  afford  a  wide 
range ;  we  find  furnaces  of  10  feet  boshes,  and  also  of  18  feet,  or 
nearly  four  times  larger.  As  the  quantity  of  blast  is  in  proportion 
to  the  fiiel,  and  that  in  some  measure  controlled  by  the  quantity 
of  metal  made,  we  find  that  the  production  of  a  fiimace  is  nearly 
in  proportion  to  the  size  of  the  boshes ;  still,  this  rule  is  not  so 
perfect  as  to  admit  of  correct  deductions.  The  kind  of  ore  and 
quality  of  iron  smelted,  exert  almost  as  much  effect  on  the 
yield  of  a  furnace,  as  the  size  of  boshes.  Fusible,  well-fluxed 
ore  furnishes  more  iron ;  and  a  larger  quantity  of  forge  than  of 
foundry  iron  may  be  made  in  the  same  time,  by  boshes  of  the 
same  size.  When  the  diameter  depends  on  the  quantity  of  blast, 
the  slope  of  the  boshes  is  regulated  by  the  ore  and  the  quality 
of  iron  smelted.  A  slope  of  5(P  is  commonly  adopted  in  small 
furnaces  where  fusible  bog  ores  are  smelted ;  even  45^  are  not 
considered  too  flat.  Eaw  ores,  of  the  primitive  formation,  are 
smelted  in  slopes  of  from  70°  to  75°,  as  shown  in  fig.  229.  Be- 
tween these  two  extremes  we  observe  many  varieties  of  slopes. 
Close,  compact  ores,  which  do  not  form  gray  iron,  are  smelted  in 
steep  boshes ;  and  ores  which  are  inclined  to  produce  a  gray  fti- 
sible  iron,  may  be  smelted  in  flat  ones.  Foimdiy  iron  is  better 
when  made  in  flat  boshes,  and  forge  when  made  in  steep  ones. 
The  yield  of  a  furnace  is  greater  in  the  latter,  than  in  the  former. 
The  use  of  fuel  is  also  greater  in  steep,  than  in  flat  boshes.  This 
depends,  however,  so  much  on  the  form  and  composition  of  the 
ore,  that  in  these  respects  little  influence  is  exerted  by  the  slope 
of  boshes. 

Form  and  Size  of  In-vxiCL — That  part  of  the  furnace  com- 
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mencing  at  the  widest  part  of  the  boshes  and  ext^diog  to  the 
top  is  always  of  a  conical  form,  with  strught,  or  more  or  ieaa 
curved  sides.  By  examining  the  use  of  this  part  of  the  furnace, 
we  arrive  at  its  correct  form.  In  practice,  we  find  it  such  as  is 
represented  in  fig.  232,  A,  B,  C,  D.    We  shall  not  consider  iha 
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advantages  or  disadvantages  of  these  forms  of  in-walla,  but  pro- 
ceed to  define  the  use  of  this  part  of  the  furnace.  Assuming  that 
the  operation  of  reviving  and  melting  the  metal,  and  the  slag,  is 
carried  on  in  the  lower  part  of  the  furnace,  &om  the  largest 
diameter  downwards — which  is  not  always  true,  as  we  shall  see 
hereafter — ^we  discern  the  use  of  the  space  inclosed  by  the  in- 
wall.  Nothing  is  performed  in  it  except  the  evaporation  of 
water,  and  of  gases  from  the  ore  and  coal.  In  reducing  the  ore, 
these  substances  should  not  be  present  Water  as  well  as  hydro- 
gen, free  oxygen,  or  nitrogen,  are  of  no  tise  in  the  crucible ;  the 
first  and  the  second  are  actually  hurtful.  The  object  of  this 
space,  therefore,  is  to  evaporate  water  from  ore  and  coal  without 
causing  injury  to  the  form  of  these  substances.  A  high  heat,  of 
course,  will  evaporate  water  sooner  than  a  low  one;  and  it  will 
also  break  coal  and  some  kinds  of  ore,  and  form  dust  of  them. 
For  these  reasons,  a  high  heat  at  the  mouth  of  the  furnace,  is 
ofi^n  found  to  be  injurious  to  the  smelting  operation.  Charcoal 
requires  at  least  24  hours  to  dry  it  at  a  low  heat ;  and  some 
kinds  of  cky,  or  argillaceous  ore,  three  times  that  length  of  time. 
When  coal  and  ore  may  be  dried  in  24  hours,  without  injury  to 
form,  the  size  ia  sufficient  when  the  capacity  of  the  furnace  above 
the  boshes  is  sufficiently  large  to  hold  ore  enough  to  work  for  24 
hours.  When  10  tons  of  iron  are  smelted  in  that  time,  and  3 
tons  of  ore  and  200  bushels  of  coal  are  required  for  1  ton  of  iron, 
the  furnace  must  bold  30  tons  of  ore  and  2,000  bushels  of  coal 
above  the  boshes.  Generally  we  find  the  capacity  somewhat 
greater;  but  there  is  no  necessity  of  having  more  stock  in  the 
furnace,  whether  charcoal  or  anthracite.  Where  coke  or  raw 
bituminous  coal  is  used,  the  case  is  different.    This  fhel  contains 


PABTIGULAR  METALLUROICAL  OPERATIONS.  528 

always  more  or  less  hydrogen,  the  pressure  of  which  is  highly 
injurious  in  that  part  of  the  furnace  where  the  iron  is  received. 
It  requires  a  red-heat  and  a  liberal  supply  of  air,  to  expel  hydro- 
gen from  a  large  body  of  coal ;  and  also  much  time.  In  this 
case  little  can  be  done  in  24  hours,  and  therefore  such  furnaces 
have  a  capacity  for  8  days'  stock.  The  form  of  the  in- wall,  if 
curved  or  straight,  cannot  therefore  have  much  influence  on 
the  operation ;  but  a  gentle  curve,  or  a  cylindrical  part  above 
the  boshes,  is  found  advantageous.  This  will  afford  some  play 
for  the  oscillations  of  blast,  and  prevent  scaffolding  on  the  slope 
of  the  boshes.  The  curved  form  shown  in  C,  D,  fig.  282,  affoids 
one  advantage — ^namely,  the  same  capacity  with  less  height ;  and 
for  this  reason  the  curve  is  advantageous.  It  has  been  observed, 
that  beyond  a  certain  limit,  there  is  no  advantage  in  increasing 
the  height  of  a  furnace.  This  may  be  40  feet  for  charcoal  and 
anthracite,  and  50  feet  for  coke  or  bituminous  coal.  A  lower 
furnace  works  easier,  makes  better  iron  for  the  forge,  and,  when 
well  arranged — that  is,  of  sufficient  capacity — does  not  consume 
more  coal  in  proportion  to  the  iron  smelted,  than  a  high  furnace. 
It  is,  therefore,  desirable  to  operate  with  the  least  height.  This 
can  be  accomplished  only  by  curving  the  lining  so  as  to  gain  in 
the  capacity.  If  this  space  of  the  furnace  serves  no  other  pur- 
pose, we  may  give  any  form  we  choose,  without  injury  to  the 
work.  It  has  been  proved  by  experience  that  the  curved  lining 
and  a  low  furnace,  work  better  than  a  straight  lining  and  high 
stack.  The  curvature  is,  of  course,  never  to  extend  beyond  the 
largest  diameter  of  the  boshes. 

Size  of  Mouth, — On  this  subject  a  great  deal  of  controversy 
has  arisen  without  any  satisfactory  result.  It  is  settled  that  nar- 
row tops  and  too  wide  mouths  cause  a  waste  of  fuel. 

K  we  consider  the  object  of  this  aperture,  we  shall  be  able  to 
determine  its  size.  The  mouth  is  chiefly  for  charging  the  furnace 
with  ore,  coal  and  flux,  and  for  the  escape  of  the  waste  gases. 
K  the  current  of  the  gas  is  too  strong  at  the  top,  a  large  quantity 
of  small  particles  of  carbon  are  torn  loose  and  escape,  thus  causing 
a  loss  of  fuel.  If  the  throat  is  too  narrow,  the  ore  is  apt  to  bake 
and  form  lumps,  which  pass  into  the  centre  of  the  fufnace  and 
descend  to  the  hearth  unsmelted.  A  mouth  of  the  proper  size 
will  cause  some  ore  to  move  towards  the  in-walls,  while  the  large 
mass  will  remain  in  the  centre.  When  the  throat  is  narrow,  a 
marked  difference  is  found  in  the  operation  of  the  hearth,  when  a 
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fresh  charge  is  thrown  in,  and  when  it  is  down.  This  is  particu- 
larlj  the  case  at  small,  low  charcoal  furnaces.  The  oscillation  in 
heat  thus  produced,  causes  a  waste  of  :^el.  A  narrow  throat 
will  work  hotter  than  a  wide  one,  and  thus  cause  the  flying  of 
coal  and  ore,  which  makes  dust  in  the  boshes  and  forms  an  ob- 
struction to  blast.  There  would  be  no  objection  to  making  the 
mouth  as  wide  as  the  boshes,  were  it  not  that  bj  so  doing  the  ore 
is  thrown  chiefly  near  the  in-waHs,  which  in  melting  will  cause 
scaflblding.  And  if  in  this  case  the  ore  is  charged  in  the  centre 
of  the  furnace,  the  waste  heat  escapes  chiefly  at  the  in-waUs,  pre- 
venting it  from  becoming  sufficiently  dry  before  arriving  in  the 
heartL  These  reflections  lead  to  the  conclusion  that  half  the 
diameter  of  the  boshes  should  be  nearly  the  diameter  of  the  mouth, 
which  is  confirmed  by  practice.  At  charcoal  ftirnaces  the  diame- 
ter of  the  mouth  is  generally  made  narrower,  under  an  apprehen- 
sion that  heat  will  be  lost.  At  coke  and  anthracite  furnaces,  we 
find  the  throat  wider  than  half  the  diameter  of  the  boshes ;  it 
ranges  between  ^  and  J  of  it.  There  is  less  danger  of  losing 
heat  by  a  wide  than  a  narrow  mouth;  the  latter  always  con- 
sumes more  fuel  than  the  former,  but  it  requires  more  attention 
on  the  part  of  the  founder,  because  of  its  tendency  to  cause  scaf- 
folding. The  mouth  may  be  formed  of  an  iron  cylinder,  or  a 
brick  wall. 

The  mouth  is  sometimes  surmounted  by  a  chimney ;  this  is  . 
required  to  protect  the  workmen  against  injury  from  the  flame. 
An  open  mouth  causes  improper  filling,  because  the  men  some- 
times cannot  get  near  the  proper  place  in  consequence  of  the 
flame  which  is  driven  there  by  the  draught  or  wind.  It  is  in  all 
instances  proper  to  erect  some  protection  for  the  fillers.  A  brick 
chimney,  well  provided  with  binders,  and  some  apertures  for 
charging,  is  all-sufficient  for  the  purpose. 

Blast-furnaces  have  in  most  cases,  and  snould  have  in  all 
cases,  a  roof  over  the  top  of  the  stack,  a  bridge-house,  and  a 
moulding-house.  The  necessity  of  these  buildings  is  obvious 
for  the  protection  of  those  who  work  the  sand  in  the  pig-bed,  and 
the  ore,  coal,  and  furnace  from  the  effiscts  of  rain  and  snow.  The 
whole  ofca  blast-furnace,  including  all  these  buildings,  assumes 
then  a  form  such  as  is  represented  in  fig.  233.  All  these  buildings 
should  be  constructed  of  iron,  or  coated  with  a  fire-proof  paint ; 
for  any  losses  in  consequence  of  a  conflagration  in  these  estab- 
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liahmeDta  are  of  a  Beriom  nature,  because  they  cannot  well  be 
covered  by  insurance. 


Theory  q/"  Smeliing  Iron. — We  reG<^ize  two  distinct  and 
active  principles  in  smelting  iron  ore,  or,  in  fact,  any  other  ore. 
The  one  relates  to  those  instances  where  porous  ore  ia  smelted ; 
the  other  is  that  in  which  compact  ores  are  reduced.  In  former 
pages  we  had  occasion  to  allude  to  this  subject,  and  remarked 
that  carbon  must  be  dissolved  in  the  gaaes  of  the  lower  part  of  the 
fiiTDace,  or  we  could  not  account  for  gray  iron.  The  carbon  may 
be  dissolved  in  hydrogen,  or  any  other  gas ;  it  will  be  attracted 
by  the  oxygen  of  the  ore,  the  pores  of  which  it  will  M  if  it  is 
porous.  By  whatever  means  the  carbon  is  dissolved,  or  set  in 
motion,  the  effect  must  be  in  all  cases  the  same.  If  ore  is  very 
porous,  it  will  absorb  much  carbon  and  form  a  black  or  brown- 
ish-black miiss,  which  is  more  refractory  than  pure  ore,  and  which 
melts  only  in  the  high  heat  of  the  cmcible.  This  condition  of 
tiie  ore  in  the  furnace  has  been  proved  by  actual  experiments. 
In  drawing  out  the  contents  of  a  furnace,  when  in  the  best  con- 
dition for  smelting,  the  ore  was  found  to  be  in  this  state.  Under 
these  circumstances,  iron  is  smelted  with  the  smallest  amount  of 
fuel,  gray  iron  follows  with  the  greatest  facility,  and  good  quality 
can  be  depended  on.  This  mode  of  smelting  can  be  practised 
only  on  porous  ores,  bog  ores,  hematites,  soft  red  oxides,  and 
roasted  ores.  It  requires  a  large  space  above  the  boshes  in  order 
to  saturate  the  ore  with  carbon,  and  flat  boshes  to  concentrate 
the  heat  below  them  and  in  the  centre  of  the  furnace ;  it  also  re- 
quires a  highly  charred  fuel,  which  is  free  from  hydrogen.  It  has 
been  observed,  that  when  it  is  desirable  to  smelt  gray  iron,  raw 
fuel  or  imperfectly  charred-fuel  does  not  facilitate  the  operation. 
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On  the  contrary,  raw  fiiel  leads  to  the  formation  of  white  iron. 
Gray  iron,  of  course,  is  smelted  by  raw  bituminous  coaI|  and  alao 
by  wood;  but  we  speak  here  only  of  ordinary  circumstanceSi 
in  which  the  fact  is  as  we  state.  K  the  medium  in  which  the  car- 
bon is  dissolved,  is  indifferent  in  respect  to  the  formation  of  gray 
iron,  carburetted  hydrogen  ought  to  be  particularly  suitable  for 
the  formation  of  it  But  this  is  not  the  case.  Fuel  which  con- 
tains hydrogen  forms,  at  best,  an  impure  iron ;  and  if  gray,  it 
contains  but  little  carbon.  Carburetted  hydrogen  certainly  de- 
posits more  carbon  in  the  ore,  than  can  by  any  other  means  be 
accomplished ;  but  hydrogen  reduces  many  substances,  such  as 
silex  or  lime,  which  are  not  reduced  by  carbon  exoept  under 
peculiar  circumstances.  When  hydrogen  penetrates  oxide  of 
iron  at  a  low  temperature,  it  forms  a  powder  of  metallic  iron, 
which  does  not  so  readily  combine  with  carbon  as  a  powder  of 
oxide  of  iron  exposed  to  the  same  degree  of  heat  We  discern 
thus  very  readily  the  means  by  which  gray  cast-iron,  of  good 
quality,  can  be  formed. 

In  these  remarks  we  have  alluded  to  one  extreme— that  isi 
the  formation  of  gray  iron  from  porous  ore ;  we  shall  now  ex* 
amine  the  other,  or  the  formation  of  white  iron  from  compact 
ore.  The  best  material  to  serve  as  an  illustration,  is  a  silicate  of 
iron.  When  forge  cinder  is  charged  to  a  blast-furnace,  it  cannot 
absorb  carbon  in  its  pores ;  for  it  is  compact  and  not  accessible 
to  any  gas,  so  far  as  its  interior  is  concerned.  This  substance 
will  move  unaltered  in  the  furnace,  to  a  point  where  the  heat  is 
strong  enough  to  melt  it  Here  it  is  converted  into  a  fluid  cinder, 
or  slag,  and  trickles  down  through  the  hot  coals ;  these  absorb 
oxygen  from  iron  and  other  metals,  and  if  the  height  of  the 
column  of  hot  coals  is  sufficient,  all  the  iron  may  be  reduced 
before  the  fluid  slag  arrives  at  the  tuyeres.  No  carbon  can  be 
absorbed  by  the  iron  in  this  case ;  for  it  forms  large  globules^ 
and  is  not  in  a  condition,  or  not  in  so  close  contact  with  the 
metal  as  to  combine  with  it.  The  fluidity  of  the  metal  is  in 
this  case  most  generally  produced  bj''  substances  which  are  neai^ 
est  to  the  iron  ;  and  as  these  are  phosphates,  sulphates  and  silex, 
their  respective  bases  will  combine  with  the  metal,  which,  when 
once  fluid,  does  not  absorb  carbon,  but  rapidly  descends  into  the 
hearth.  In  this  case  we  perceive  that  a  certain  height  of  a 
column  of  hot  coal  is  required  to  reduce  the  oxide ;  if  that  column 
is  too  low  the  iron  arrives,  in  the  form  of  oxide,  at  the  tuyere^ 
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and  cannot  be  converted  into  metal  but  by  the  presence  of  gray 
iron  in  the  pool  of  the  crucible,  the  carbon  of  which  will  reduce 
the  oxide  which  may  be  in  the  slag.  The  height  of  the  column 
of  hot  coal  required,  will  depend  on  the  nature  of  the  ore.  If  it 
is  a  very  fusible  silicate,  such  as  forge-cinder,  a  considerable 
height  is  neceasary,  because  it  will  descend  rapidly  and  escape 
the  action  of  carbon. 

In  thus  analyzing  the  operation  of  a  blast  ftunace,  we  see 
that,  in  the  one  case,  a  very  low  colimm  of  heat,  and  in  the  other 
a  very  high  one  is  required.  Between  these  two  extremes,  we 
find  the  proper  height  Very  porous  bog  ores  containing  phos- 
phorus, smelt  in  a  narrow,  almost  cylindrical  hearth  6  feet  in 
height ;  a  red  heat  is  hardly  perceived  at  the  boshes.  Forge  cin- 
der, by  itself  requires  at  least  a  column  of  26  or  SO  feet  in  height 
of  a  red  heat ;  and  thus  high  the  crucible  ought  to  be,  in  order  to 
obtain  the  necessary  intensity  of  heat  This  shows  very  clearly 
the  principle  involved  in  the  construction  of  a  furnace-hearth,  and 
the  boshes.  Where  the  latter  commence  there  the  smelting  of 
the  ore  begins,  and  not  elsewhere.  But  as  this  rule  would  cause 
the  crucible  to  be  very  high  for  refiractory  ores,  it  and  the  boehes 
form  one  general  slope,  which  may  be  very  high,  as  the  ore  re- 
quires no  preparation  in  the  upper  parts  of  the  furnace,  and  only 
the  fuel  is  to  be  freed  from  moisture. 

These  principles  are  not  confined  to  the  kind  of  ore ;  fuel  ex- 
erts more  or  less  influence  on  the  height  as  well  as  dimensions  of 
a  furnace.  Hard,  dry  fuel,  such  as  anthracite,  requires  Uttle  pre- 
paration in  the  fiirnace,  and  low  stacks  will  work  with  it  profita- 
bly. Coke  requires  more  preparation,  and  charcoal  most ;  and, 
as  a  high  fiimace  has  a  tendency  to  draw  the  heat  up,  it  is  foimd 
necessary  to  reduce  the  height  of  a  charcoal  furnace  in  order  to 
save  fuel,  by  reducing  the  column  of  heat,  and  consequently  ra- 
diation of  heat  In  the  difierence  of  the  height  of  heat  in  fiir- 
naces,  or  in  the  radiation,  which  is  the  necessary  consequence, 
may  be  found  the  chief  cause  of  the  great  difference  in  the  con- 
sumption of  fuel.  This  accounts  for  the  fact,  that  charcoal  fur- 
naces which  smelt  mild,  fusible  bog  ores,  will  produce  a  ton  of 
iron  with  less  than  a  ton  of  coal,  when  anthracite  furnaces  use 
from  1*6  to  2  tons  and  more,  and  coke  furnaces  do  not  work  with 
less  than  2  tons  of  coke,  which  is  equal  to  S  or  4  tons  of  coal,  for 
smelting  the  same  amount  of  metal. 

Hot-Blast — The  application  of  hot-blast  at  blast  furnaces  is 
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general;  with  few  exceptions  at  charcoal  furnaces,  it  ia  done 
eTerywIiere.  Id  figs.  23^  and  235,  we  have  represented  the  ^ 
paratus,  as  it  is  most  commonly  constructed,  which  maj  be  o(kw 


Eddered  aa  i(s  beat  form.  In  some  instances  the  hot^blast  stove  is 
placed  near  the  tuyeres,  as  shown  in  fiy.  236 ;  and  each  tuyere 
has  its  own  stove,  AAA  which  enables  the  founder  to  heat  the  • 


blast  for  one  tuyere  more  than  for  the  other,  as  its  condition  may 
require.  At  large  furnaces,  it  frequently  happens  that  one  tuyere 
does  not  work  so  hot  as  the  other,  and  in  order  to  remedy  the 
evil,  moi«  heat  is  apphed  at  the  cold  one. 
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In  general,  one  apparatus  is  placed  eonveniently  near  to  all 
tilie  tn;eres,  and  this  heats  the  blast  for  all  of  them,  howsoever 
many  there  may  be.  In  this  case  the  most  convenient  positioi) 
is  behind  the  furnace,  somewhat  elevated  above  the  tuyeres,  as 
shown  in  fig.  237.  The  hot-blast  pipea  are  then  above  the  heads 
of  the  worlcii^  and  easily  accessible  for  repairs. 


These  cases  refer  to  the  method  of  heating  the  blast  with  sep- 
arate fuel,  which  is  not  often  practised.    The  most  common  mode 


is  to  heat  it  at  the  top  of  the  furnace,  or  at  some-  distance  below 
it,  even  as  low  as  reprcBented  in  the  last  engraving.  The  first 
instance  has  been  represented  in  fig,  288 ;  and  in  the  latter,  the 
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flrrangemeat  takes  the  fbnn  shown  in  fig.  239.  The  wsBte  heat 
is  conducted  &om  tihe  top  of  the  fomace,  either  in  large  iron 
pipes,  or  in  channels  of  masoniy,  to  that  point  There  the  hot- 


blast  store  is  located.  In  some  iostanees,  we  find  the  stove  pro- 
vided with  a  furnace,  or  grate,  for  burning  coal  or  wood.  This 
precaution  is  taken  to  provide  heat  by  extra  fuel,  in  case  the  waste 
heat  from  the  furnace  is  not  sufficient  to  heat  the  blast  to  the 
degree  required.  This  does  not  happen  at  anthracite  or  coke  fur- 
naces, but  is  conlined  to  charcoal  ovens. 

At  some  furnaces  we  0nd  the  hot-air  pipes  inclosed  in  wrap- 
pings, which  coDsiat  of  articles  which  are  bad  conductors  of  heat; 
at  others,  the  pipes  are  walled  in,  in  the  rough  masonry  of  the 
stack.  Whatever  be  the  mode  of  conducting  blast,  the  pipes 
ought  to  be  spacious,  for  the  increased  volume  of  the  hot  air  com- 
pared with  it  when  cold,  causes  much  loss  of  power,  or  pressore, 
if  the  pipes  are  too  narrow. 

^ect  of  Hot-Blaat. — The  apparently  singular  effect  of  hot  air 
in  a  smelting-iiirnace,  is  chiefly  of  a  chemical  nature.  The  heat 
introduced  by  the  hot  air,  amounts  at  best  to  J,  and  in  most  in* 
stances  only  to  ,^,  of  that  generated;  and  still  a  considerable 
amount  of  fuel  is  saved  by  it,  which  at  charcoal  fiimaces  amounts 
to  I ;  at  coke  furnaces  to  \,  and  at  anthracite  furnaces  to  nearly 
f  of  that  used  by  cold  blast.  The  immediate  advantages  are,  the 
quantity  of  heat  introduced,  in  case  that  is  derived  from  waste- 
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heat,  a  small  increage  of  temperature,  and  a  fluid  cinder,  by  which 
flux  is  saved.  The  latter  effect. is  in  consequence  of  the  absence 
of  the  chilling  effect  of  cold  air,  and  a  more  intimate  union  of  the 
ingredients.  The  essential  effect  of  hot-blast  consists  in  its  facili- 
tating the  union  of  carbon,  and  the  oxygen  of  the  blast,  by  which 
means  carbonic  oxide  is  more  readily  £3rmed,  in  which  gas  car- 
buretted  iron  may  descend  without  loss  of  carbon.  Cold-blast 
will  produce  a  larger  atmosphere  of  carbonic  acid  around  the  tu- 
yere than  hot-blast,  and  this  gas  will  not  only  absorb  carbon,  but 
oxidize  sihcon  and  iron.  As  the  influence  of  hot-blast  on  ore  is 
of  such  a  nature  as  to  fiaciUtate  the  revival  of  metals,  many  other 
substances  besides  iron  ore  are  reduced,  and  form  an  alloy  with 
the  metal.  To  these  foreign  substances  belong  particularly  those 
which  are  in  close  contact  with  the  particles  of  iron,  such  as  phos- 
phorus, sulphur,  and  silex;  calcium  is  often  reduced  from  the 
limestone  used  as  flux,  when  the  blast  is  heated  beyond  a  reason- 
able temperature.  By  experience  it  has  been  found  that,  for  char- 
coal, a  heat  beyond  300°,  for  coke  400^,  and  for  anthracite  500°, 
is  of  not  much  advantage. 

The  quality  of  iron  smelted  by  hot-blast  must  naturally  be  in- 
clined to  gray  iron,  because  all  the  oxygen  and  other  gases  being 
perfectly  saturated  with  carbon,  there  is  no  opportunity  for  the 
ore  to  escape  being  carbonized.  But  it  has  been  observed,  and 
must  naturally  be  expected,  that  hot-blast  iron  is  more  impure 
than  cold-blast  iron.  It  contains,  particularly,  more  of  the  ba^  of 
silex,  because  this  substance  is  every  where  associated  with  iron  ore, 
and  is  subject  to  reduction  by  carbon  at  a  high  heat  in  the  presence 
of  iron,  and  in  the  absence  of  carbonic  acid.  The  quality  of  the 
metal  is,  therefore,  eminently  suited  for  use  in  the  foundry.  It 
is,  on  account  of  the  amount  of  its  impurities,  and  the  metallic 
form  in  which  they  are  present,  very  fluid ;  and  remains  so  a 
long  time,  which  is  the  cause  of  its  forming  gray,  tempered  cast- 
ings. Whatever  may  be  the  opinion  and  experience  of  some  en- 
gineers, there  cannot  be  any  doubt  that  cold-blast  iron  with  the 
same  amount  of  carbon  as  hot-blast  iron,  and  cast  into  dry  moulds, 
is  stronger  than  hot-blast  iron,  smelted  from  the  same  kind  of  ore. 
Hot-blast  iron  forms  a  superior  foundry  iron  for  small  castings, 
but  it  is  weak  in  large  castings ;  the  cause  of  which  is  obvious. 
The  mixture  of  carbon,  impurities,  and  iron,  which  causes  its  fluid- 
ity, makes  it  also  a  bad  conductor  of  heat;  it  will  not  cool  so 
quickly  as  strong  and  pure  iron,  and  consequently,  it  is  not  so 
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liable  to  crystallization.  This  iron  may  be,  therefore,  a  tmperior 
foundry  iron  for  small  castings ;  but  it  must  be  always  inferior  to 
cold-blast  for  heavy  ones,  and  particularly  for  the  forge. 

Waste  Heat, — The  large  quantity  of  heat  lost  at  the  top  of  a 
blast  furnace,  has  been  the  cause  of  frequent  speculations  to  devise 
some  plan  for  its  use,  since  the  earliest  adoption  of  these  fumaceB. 
It  has  of  late  led  to  a  great  deal  of  controversy,  and  occasioned 
much  examination  of  the  nature  of  these  gases,  as  well  as  of 
those  in  the  interior  of  the  furnace.  The  subject  is  so  fistr  settled 
at  present,  that  it  is  found  injurious  to  abstract  gases  lower  down 
from  the  top,  than  where  they  consist  chiefly  of  carbonic  acid, 
vapors  of  water,  a  little  carbonic  oxide  and  nitrogen,  and  some 
other  substances ;  in  fact  these  gases  are  not  abstracted  until  they 
cease  to  be  useful  in  the  furnace.  We  may  tap  gases  from  the 
furnace  lower  down  in  the  stack,  but  they  are  not  of  more  use 
than  those  near  the  top,  and  such  an  operation  is  more  or  less  in- 
jurious to  the  working  of  the  ores.  When  these  gases  are  ab- 
stracted at  a  height  where  they  cease  to  be  useful  we  may  term 
them  waste  heat;  but  if  we  tap  lower  down,  they  cease  to  be  waste 
heat ;  for  the  highly  carbonized,  combustible  gases  are  essential 
to  the  good  effects  of  the  furnace,  as  must  be  evident  from  our 
preceding  remarks. 

At  a  variable  height,  8  feet  on  an  average  below  the  top  in 
charcoal  furnaces,  8  or  10  feet  in  anthracite  furnaces,  and  12  or 
16  feet  in  coke  furnaces,  the  gases  are  of  the  same,  or  similar 
composition.  They  consist  here  chiefly  of  carbonic  acid,  nitro- 
gen and  steam,  and  some  carbonic  oxide.  It  is  a  mere  matter  of 
convenience,  so  far  as  regards  the  furnace,  at  what  precise  spot 
we  abstract  the  gas.  Below  these  various  heights  it  changes 
suddenly  in  its  composition.  It  is  composed  chiefly  of  carbonic 
oxide,  some  hydrogen,  nitrogen,  and  moisture.  These  are  sub- 
stances which  are  essential  to  the  reduction  of  the  ore,  and  which 
ought  not  to  be  removed. 

We  have  already  shown  the  mode  of  abstracting  the  waste 
heat  from  the  furnace.  The  most  common  method  is  by  means 
of  a  cast-iron  cylinder  of  5  to  8  feet  in  length,  as  shown  in  fig. 
240,  and  in  other  drawings.  The  depth  to  which  a  cylinder  is 
lowered  has  no  effect  upon  the  amount  of  heat  obtained ;  this  is 
regulated  by  the  distance  to  which  the  heat  is  to  be  conducted. 
A  long  or  deep  cylinder  affords  more  pressure,  consequently  the 
gas  may  be  conducted  farther  from  it.     When  steam-boilers,  or  a 


FAKTICULAR  ICETALLOROICAL   OPEBATIONS. 


688 


hot-blast  stove,  are  at  the  top  of  a  fiunace,  the  insertion  of  a  cyl- 
inder is  not  necessary,  in  fact  it  is  of  no  advants^  in  any  case, 
for  sufficient  heat  is  given  out  at  the  top  in  all  instances,  to  heat 


Bteam  boilers  and  hot-blast  stoves.    In  this  case  the  arrange- 
ment  is  such  as  is  shown  in  fig.  241.     A  chimney  at  the  end  of 


ment  is  such  as  is  shown  in  fig.  241.     A  chimney  at  the  end  of 
the  boilers,  or  at  the  top  of  the  stove,  produces  the  necessary 


draught  A  plain  cast-iron  plate  with  a  narrower  mouth  than 
that  of  the  brick  below,  affords  a  chamber  on  the  top  of  the  fuel. 
When  desired,  this  aperture  in  the  iron  plate  may  be  covered  by 
a  door  which  is  occasionaUy  removed  for  charging  fresh  ore  and 
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coaL  This  plan  works  well  enough  in  small  cbarooal  f 
bat  at  large  fomaoos,  with  a  wide  mouth,  and  whose  boilers  re- 
quire a  large  quantity  of  heat,  the  e&cts  are  not  catain.  If  any 
objection  exists  to  the  application  of  an  iron  cylinder,  which  may 
be  the  case  when  the  top  works  very  hot,  an  arrangement  such 
as  is  represented  in  fig.  242  is  equally  cfTectiTe.    It  is  particularly 


employed,  and  useful  for  buroing  lime,  or  heating  blast  Over 
the  mouth  of  the  furnace  a  chimney  ia  erected,  provided  with  a 
damper  on  its  top.  Some  iron  doors,  which  are  opened  by  push* 
ing  the  wheelbarrow  against  them,  and  shut  themselves  when  it 
ia  withdrawn,  afford  access  to  the  interior  for  charging.  By  these 
means  all  the  heat  at  the  top  is  saved,  and  may  be  conducted  to 
any  place  where  it  will  be  useful. 

The  amount  of  waste  heat  at  a  blast  furnace  is  very  large,  but 
even  when  tapped  low  in  the  stack,  and  burned  with  the  addition 
of  fresh  atmospheric  air,  its  temperature  is  so  low,  that  it  cannot 
be  employed  to  advantage  for  melting,  puddling,  or  welding  iron. 
At  the  lop  it  produces  a  high  red  heat,  and  at  anthracite  or  coke 
furnaces  a  white  heat,  well  adapted  for  generating  steam,  heating 
blast,  burning  lime  or  bricks,  and  similar  purposes.  In  conclu- 
sion, we  insert  some  tables,  which  will  be  found  useful  for  refer- 
ence, explaining  many  things  which  could  not  be  referred  to  in 
this  short  exposition. 

Charcoal  Furnace. — At  a  charcoal  furnace  the  following  per- 
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sons  are  employed: — one  founder,  receiving  $2  per  day;  two 
firemen,  at  $L  50  each;  two  fiUeis,  at  75  ceats  each;  one  gutter-, 
man,  at  $1 ;  one  coal-diawer,  $1 ;  a  bank  hand,  and  a  hoise,  cart, 
and  driver;  and,  if  there  is  a  etamping-miU,  a  hand  (o  attend  to 
it.  This  m  the  smallest  number  of  hands  necessary  to  manage  a 
furnace  ;  generally,  there  is  twice  that  number.  When  ore  is  to 
be  broken  or  roasted,  fiux  to  be  broken,  and  similar  work  to  be 
done,  an  additional  number  of  hands  is  required.  There  are 
charcoal  furnaces  which  consume  250  bushels  of  coal  to  a  ton  of 
iron ;  200  bushels  is  an  average  in  the  Western  States.  In  West- 
ern New- York,  some  furnaces  smelt  a  ton  of  iron,  &om  magnetic 
ore,  to  150  bushels  of  coal;  and  in  the  St  Lawrence  district, 
where  specular  ore  and  red  hematit«s  are  chiefiy  smelted,  as  low 
as  100  bushels  of  coal  are  used  to  the  ton  of  iron,  A  stack  in 
that  region,  which  operates  well,  is  about  30  or  83  feet  high ;  7 
or  8  feet  boshes,  with  a  cylindrical  part,  2  feet  high,  above  the 
boshes;  mouth  31  inches,  and  from  that  to  86  inches  (when  an 
iron  cylinder  is  used,  it  is  of  the  same  ^ze);  width  of  hearth 
between  the  tuyeres  22  inches,  and  32  inches  at  the  top ;  height 
of  hearth,  6}  feet ;  tuyeres,  22  inches  above  the  bottom ;  the  in- 
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wall  a  curve,  as  shown  in  fig.  243,  G ;  such  a  furnace  smelts  from 
6  to  8  tons  a  day. 

The  Siscoe  furnace,  on  Lake  .Champlain,  working  magnetic 
ore,  is  44-75  feet  high ;  13  feet  boshes ;  2  feet  10  inches  hearth, 
across  the  tuyere ;  hearth,  38  inches  high ;  slope  of  boshes,  64'^, 
with  a  cylindrical  part  above  the  slope  of  3^  feet  high ;  mouth, 
4  feet  3  inches  wide.  This  furnace  uses  about  160  bushels  of 
coal  to  a  ton  of  iron ;  its  erection  has  cost  about  $30,000,  exclu- 
sive of  8  kilns  for  charring  wood,  which  coat  an  additional  sum 
of  $10,000. 

Anthracite  Furnaces. — The  form  and  dimensions  of  these  vary 
exceedingly.  They  are  not  often  above  33  feet  high ;  from  10 
to  18  feet  boshes;  3 J  feet  to  6i  feet  across  the  tuyeres;  hearth, 
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from  8  to  5  feet  in  height,  generally  much  battered ;  bodies  fimii 
50^  to  70° ;  top,  5  feet  to  9  feet  in  width.  A  small  anthracite 
fhmace  produces  from  80  to  120  tons  of  iron,  large  fiimaoes  from 
180  to  200  tons,  per  week.  The  cost  of  erection  of  a  small  fur- 
nace is  from  $40,000  and  upwards,  large  frimaces  from  $70,000 
to  $80,000,  which  use  1*6  to  2  tons  of  coal  to  1  ton  of  iron. 

Coke  Furnaces. — ^These  are  generally  50  feet  high,  and  as  wide 
at  the  base;  boshes,  15  feet;  slope,  65°  to  70°;  hearth,  across 
the  tuyere,  4  feet ;  at  top,  5  feet ;  height  of  hearth,  6  feet,  and 
tuyere  above  bottom  stone,  2  feet.  The  cost  of  erection  is  equal 
to  that  of  an  anthracite  furnace ;  iron  made  per  week,  is  80  to  100 
tons,  using  2  tons  of  coke  to  1  ton  of  iron. 

The  coal  charges  at  furnaces  are  always  of  the  same  measure 
— ^about  15  bushels,  more  or  less.  The  weight  of  ore  is  regidated 
according  to  the  capacity  of  the  coal  for  smelting.  The  number 
of  charges  in  a  certain  time,  say  12  hours,  varies  from  12  to  80, 
according  to  the  quantity  of  blast  injected  into  the  ftimace. 

The  number  of  blast  furnaces  in  the  United  States  may  be 
estimated  at  800 ;  of  which  about  60  are  anthracite  frumaces,  8 
bituminous  coal  furnaces,  and  a  similar  number  which  use  coke. 
The  others  are  charcoal  furnaces. 

Manufacture  of  Wrought-Iron, — Eefining,  forging,  drawing, — 
these  are  the  operations  performed  on  crude  iron,  in  order  to 
convert  it  into  wrought  or  bar  iron.  A  great  deal  of  wrought- 
iron  is  manufactured  directly  from  the  ore,  of  which  we  shall 
speak  first.  Before  entering  on  this,  we  will,  however,  mention 
some  of  the  general  qualities  of  wrought-iron. 

Qualities  of  Wrought-Iron. — We  call  wrought-iron  that  kind  of 
iron  which  has  received  more  or  less  labor  when  in  a  semi-fluid 
state,  in  contradistinction  to  malleable  iron,  which  is  annealed 
cast-iron,  and  partakes  of  the  properties  of  wrought-iron.  The 
difference  in  quality  of  the  various  kinds  of  wrought-iron,  consists 
chiefly  in  the  degree  of  malleability  and  ductility.  We  find 
wrought-iron  as  brittle  as  cast-iron  and  as  malleable  as  copper, 
and  as  hard  and  brittle  as  glass  and  ductile  as  silver  or  gold. 

The  chemical  composition  of  wrought-iron  is,  in  some  in- 
stances, similar  to  that  of  cast-iron,  and  it  may  be  melted  per- 
fectly fluid,  in  a  crucible,  at  a  gentle  heat.  Good  wrought-iron 
is  nearly  pure  iron,  with  a  mechanical  admixture  of  cinder.  It 
is  infusible  in  the  strongest  heat  of  a  coal-fire.  In  most  kinds  of 
commercial  iron  we  find  from  i  to  ^  per  cent,  of  carbon,  also 


PARTICULAB  METALLURGICAL  OPERATIONS.  537 

more  or  less  sulphur,  phosphorus,  silicon  or  silex,  manganese,  and 
in  all  Swedish  iron  more  or  less  arsenic. 

The  color  of  wrought-iron  is  from  a  dirty  gray  to  a  bright 
silver  white,  in  the  fresh  fracture ;  the  dark  color  is  invariably 
caused  by  carbon.  Pure  iron  is  silver  white,  of  little  lustre,  like 
deadened  silver.  When  the  lustre  is  high,  or  bright,  and  the  iron 
shows  an  inclination  to  form  crystals,  it  may  contain  silicon, 
which,  however,  cannot  exist  without  the  presence  of  carbon,  and 
then  the  fracture  of  the  iron  is  gray.  Iron  may  contain  phos- 
phorus, or  sulphur,  or  arsenic,  without  carbon.  In  these  instances 
it  may  be  perfectly  bright,  of  a  fine  white  color,  and  either  brittle, 
cold-short,  or  fibrous.  Other  metals,  such  as  manganese,  chro- 
mium, and  in  fact  all  metals,  are  not  often  observed  in  wrought- 
iron.  A  high  lustre  in  a  fresh  fracture  is  always  indicative  of 
the  presence  of  some  impurity,  of  which  sulphur  or  carbon  causes 
the  least,  and  silicon,  phosphorus,  or  arsenic,  most.  Tempered 
iron,  when  it  contains  carbon,  is  of  a  darker  color  than  when 
hardened  or  chilled.  The  texture  of  wrought-iron  may  be  fibrous, 
and  the  iron  very  impure ;  it  may  be  short,  and  the  iron  very 
pure.  When  impure  crude  iron  is  puddled  at  a  low  heat,  it  may 
be  very  fibrous ;  but  any  heat,  above  that  by  which  it  has  been 
puddled  or  welded,  will  convert  it  into  brittle  iron,  similar  to 
cast-iron.  All  fibrous  iron  is  converted  into  crystallized  iron,  by 
tuyering  or  annealing  it  for  a  long  time.  All  heavy  wrought-iron 
is  for  these  reasons  not  fibrous,  and  bars  which  are  originally 
fibrous,  but  which  have  been  exposed  to  a  gentle  heat,  such  as 
that  of  cinders  in  a  ftimace-stack,  are  invariably  found  to  be 
crystallized  in  the  fracture.  The  tenacity  of  such  iron  is  depend- 
ent on,  and  in  proportion  to,  its  purity.  This  is  not  the  case  with 
fibrous  iron,  which  may  be  very  strong,  resist  strain  to  a  high 
degree,  and  be  very  impure ;  in  fact,  we  find  that  the  purest  kinds 
of  iron  are  weak  in  these  respects/  Pure  iron  and  carbon  is  the 
strongest  of  all  compounds  of  iron,  as  shown  in  natural  steel  and 
in  all  kinds  of  good  steel.  A  bar  of  steel,  one  inch  square,  will 
bear  a  strain  of  150,000  pounds,  before  it  is  torn  asunder ;  good 
Pennsylvania  charcoal-iron  will  bear  one  of  130,000  pounds; 
puddled  iron,  fix)m  good  Baltimore  pig,  90,000  pounds ;  anthra- 
cite iron,  puddled,  from  50,000  to  70,000  pounds ;  and  coke  iron 
not  more  than  from  40,000  to  60,000  pounds.  These  numbers 
depend  in  a  great  measure  on  the  form  of  the  iron,  and  it  is  not 
often  that  an  inch-thick  bar  will  bear  so  much  weight.    But, 


538  METALLURGY. 

when  iron  is  in  small  fonns^  such  as  wire,  wire-rods,  or  hoops,  the 
above  numbers  are  nearly  correct.  Sheet-iron  is  the  weakest 
form  of  malleable  iron  for  resisting  strain.  The  resistance  to 
crushing  depends  on  the  hardness  of  iron.  Pure  iron,  with  car- 
bon in  chemical  union,  is  the  strongest,  bearing  a  pressure  of 
210,000  pounds  to  the  cubic  inch ;  gray  iron  bears  only  170,000 
pounds,  and  wrought-iron  85,000  pounds ;  annealed  iron  far  less 
than  hardened  iron,  which  is  slightly  tempered. 

Test  of  Iron. — When  we  consider  fibre  a  characteristic  of 
wrought-iron,  and  insist  on  its  presence, — which,  in  all  cases 
where  iron  is  subjected  to  direct  strain,  must  be  the  first  condi- 
tion of  its  utility, — the  most  simple,  and  safest  test  is  to  heat  the 
iron  slowly  to  a  high  cherry-red  heat,  and  plunge  it  suddenly 
into  cold  water.  If,  after  this  treatment,  it  retains  its  fibre,  it  is 
good  iron.  All  iron,  without  exception,  will  crystallize  on  being 
thus  chilled,  when  it  is  exposed  to  a  white  heat  and  then  hard- 
ened ;  this  test  must  be,  therefore,  limited  to  a  certain  degree  of 
heat.  It  is  merely  indicative  of  the  amount  and  nature  of  impa- 
rities, and  the  form  in  which  they  are  present.  Cast-steel  is  a 
very  impure  iron,  and  still  is  very  strong  when  not  heated  to  too 
high  a  degree ;  but,  when  we  weld  cast-steel,  or  expose  it  to  a 
high  heat,  its  strength  is  impaired,  it  ceases  to  be  steel,  and  is 
merely  good  cast-iron,  or  wrought-iron, — we  claim  for  wrought- 
iron  welding  properties  at  a  high  heat,  and  malleability  after  the 
application  of  such  a  heat.  These  properties  accompany  pure 
iron  only,  and  increase  with  the  degree  of  purity.  Therefore, 
iron  which  is  to  bear  a  great  deal  of  work,  such  as  welding  and 
hammering,  which  is  exposed  to  strain  and  fibration,  to  constant 
motion  or  friction,  to  bending  and  re-bending, — such  as  wire* 
ropes,  chain-cables,  liorse-shoes, — in  fact,  in  all  cases  where  iron 
is  exposed  to  fibration,  or  work,  or  gentle  heat,  it  should  be  of 
the  purest  kind ;  it  will  wear  .only  in  proportion  to  its  purity. 
Such  iron  may  be  at  first  less  strong  than  impure,  fibrous  iron, 
but  it  will  retain  its  strength,  while  impure  iron  soon  loses  its 
fibres  when  exposed  to  heat  or  fibration. 

When  we  reflect  on  the  nature  of  wrought-iron,  we  soon  per- 
ceive the  conditions  under  which  it  will  be  formed  of  good  quality. 
Pure  iron  is  extremely  refractory,  and  we  may  reasonably  doubt 
its  fusibility  by  any  temperature  which  we  are  able  to  produce  by 
common  means.  Its  great  affinity  for  other  matter,  of  which  it 
is  never  fi:ee,  causes  it  to  be  more  or  less  fusible.    It  does  not 
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melt  with  oxidized  matter.  When  brittle  cast-iron  is  exposed  to 
a  gentle  heat,  imbedded  in  fire-proof  oxidized  matter, — such  as 
oxide  of  iron,  black  manganese,  sand,  or  coarsely-pounded  clay, 
— it  is  converted  into  malleable  iron ;  and  if  the  crude  iron  does 
not  contain  too  much  carbon,  or  other  impurities,  the  malleable 
iron  thus  obtained  is  very  strong,  and  even  ductile.  It  may  be 
welded  like  wrought-iron.  The  cause  of  this  is  very  plain.  The 
foreign  substances  in  the  crude  iron  are  oxidized  in  this  opera- 
tion, and  the  pores  of  the  malleable  iron  are  filled  with  oxidized 
substances,  in  case  they  are  permanent, — such  as  silex,  or  lime, — 
or  they  are  empty,  in  case  the  oxide  of  the  foreign  matter  is  vola- 
tile, as  carbon,  sulphur,  phosphorus,  or  arsenic.  The  absence  of 
crystals,  or  the  reduction  of  the  crystals  to  an  extremely  small 
size,  is  the  cause  of  malleability. 

The  nature  of  wrought-iron  is  easily  shown  in  examining  the 
operation  of  puddling.  Crude  iron  is  fusible,  and  more  or  less 
so,  according  to  the  nature  and  amount  of  the  impurities.  In 
melting  crude  iron,  in  a  puddling  furnace,  it  comes  in  contact 
with  cinder,  containing  much  oxygen,  namely,  oxides  of  iron, 
manganese,  &c.  In  mixing  the  fluid  or  semi-fluid  iron  with 
this  cinder,  it  will  assist  and  cause  the  oxidation  of  such  sub- 
stances as  are  more  easily  oxidized  than  iron,  which  of  course 
diminishes  the  fusibility  of  the  metal.  The  heat  may  be  there- 
fore raised  on  it,  and  when  a  certain  amount  of  impurities  is  re- 
moved, it  ceases  to  be  fusible  by  it.  Constant  work,  or  mixing 
cinder  with  it,  prevents  the  formation  of  large  crystals,  and  the 
metal  crystalUzes,  and  adheres  by  cohesion,  in  small  particles, 
forming  a  soft,  spongy  mass.  The  large  pores  in  this  mass  are 
filled  or  covered  with  a  coating  of  cinder,  and,  when  compressed 
by  squeezing  or  shingling,  it  forms  an  intensive  mixture  of  iron 
and  cinder.  In  drawing  or  stretching  such  a  condensed  mass — 
bloom — ^the  crystals  are  elongated,  form  threads,  and  these,  toge- 
ther with  the  oxidized  matter  which  keeps  them  apart,  form  the 
fibre  of  the  iron. 

We  thus  see  that  fibre  is  the  result  of  a  particular  form  of 
metal,  and  may  be  produced  with  very  impure  iron,  which,  not- 
withstanding, may  be  very  strong.  K,  for  instance,  these  fibres 
of  iron  are  similar  in  composition  to  strong  steel,  the  iron  must 
be  of  the  greatest  strength ;  and  if  they  are  of  the  composition  of 
brittle  cast-iron,  the  single  fibres,  and  consequently  the  iron  itself, 
must  be  leas  strong.  Much  depends,  in  respect  to  strength,  on  the 
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fineness  of  the  fibre ;  a  omu^e  fibre  will  not  caiiae  such  stroiig  iron 
as  a  fine  fibre.  The  durabUity  of  the  fibres  must  neoeasaifly 
depend  on  the  purity  of  the  metal,  or,  more  ooneetly,  on  the 
degree  of  oxidation  of  the  impurities.  If  carbon  is  present^  or  if 
sulphur,  or  phosphorus  not  oxidized,  exists  in  the  fine  threads  of 
iron,  the  exposure  of  it  to  such  heat  as  cauises  the  lednction  of 
the  oxidized  matter, — cinder, — which  forms  the  fibres  hy  means 
of  the  inclosed  carbon,  must  ineritablj  convert  the  fibrous  iron 
into  short  iron,  or,  when  very  impure,  into  cast-iron.  These  le* 
flections  show  at  once  the  active  cause  in  refining  iron.  It  is  the 
gradual  oxidation  and  removal  of  its  impurities,  which,  when  pei^ 
formed  under  the  influence  of  squeezing,  hammering,  and  drawing 
is  much  more  perfect,  because  these  operations  force,  by  compree* 
sion,  the  impurities  from  the  pores  of  the  metaL  These  intnh 
ductory  remarks,  together  with  the  principles  involved  in  smelt* 
ing,  will  enable  us  to  understand  the  rationale  of  the  following 
operations  correctly. 

The  fusibility  of  wrought-iron  is,  as  may  be  expected,  ex- 
tremely variable.  It  is  stated  to  be  between  the  melting  heat  of 
cast-iron  and  that  of  platinum,  or  from  2500°  to  4000°.  In  this, 
together  with  its  unsuitableness  for  conducting  heat,  is  found  its 
capacity  of  being  welded.  The  degree  of  heat  at  which  iron 
may  be  welded  varies  of  course  firom  a  bright  cherry-red  heat 
to  the  highest  white  heat  The  best  indication  of  pure  iron 
is,  when  it  resists  a  high  heat  in  welding,  without  losing  its 
fibre.  Some  impure  iron,  in  being  heated  to  welding,  will  not 
bear  the  hammer, — it  must  be  welded  by  squeezing  it  under 
strong  pressure;  this  is  impure  iron  made  fibrous  by  work. 
Pure  iron  will  bear  any  degree  of  heat,  and  any  amount  of  work, 
without  losing  fibre.  Impure  iron  may  be  welded  with  great 
facility,  while  pure  iron  requires  not  only  a  strong  heat>  but  the 
absence  of  free  oxygen  in  the  fire.  For  these  reasons,  iron  to  be 
welded  is  covered  with  a  coating  of  clay  or  sand,  to  protect  it 
against  the  influence  of  free  oxygen.  Iron  may  be  welded,  be- 
cause it  assumes  a  pasty  condition  before  it  becomes  fluid,  by 
which  its  surface  is  more  fluid  than  its  interior.  All  pasty  sub- 
stances may  be  united  in  a  similar  manner. 

The  specific  gravity  of  wrought-iron  is  from  7*2  to  7*9.  No 
positive  rule  can  be  established  by  which  to  estimate  the  higher 
or  lower  point  but  that  of  actual  weight  Pure  iron  may  be  lights 
or  heavy,  and  such  is  the  case  with  impure  iron.    Small  iron, 
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each  as  wire,  sheets,  hammered  ixoD,  is  generally  heavier  than 
heavy  bars,  or  rolled  iron.  The  capacity  of  iron  for  conducting 
heat,  electricity,  mt^etism,  and  other  properties,  does  not  come 
within  the  field  of  our  investigations. 

Wrmight^Ton  directly  from  the  Ore. — We  shall  not  allude  to 
those  ancient  methods  of  converting  ore  into  malleable  iron ;  they 
poaaess  a  mere  hiatorical  interest.  The  present  mode  of  operation 
is  represented  in  the  bloomery  fires,  as  they  are  in  use  throughout 
the  United  States.  A  large  quantity  of  iron  is  manufactured  by 
them  in  the  Kew  England  States,  the  State  of  New- York,  Penn- 
sylvania, New  Jersey,  Wisconsin,  Michigan,  and  other  States. 
This  mode  of  manuiacturing  is  confined  to  rich  oxidized  ores, 
such  as  magnetic  ore,  specular  ore,  ciystallized  red  oxides,  and 
some  rich  black  or  brown  hematites.  We  may  form  some  idea 
of  the  extent  of  these  fires,  when  we  consider  ^at  in  the  Korth- 
weBtem  part  of  the  State  of  New -York  there  are  200  of  them, 
which  are,  however,  at  the  present  time,  not  all  in  operation. 

Id  order  to  abridge  this  subject,  we  represent  in  the  following 
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drawings  the  bloomery  fire  as  it  is  most  conmionly  used  in  New- 
York,  near  Lake  Champlaiu. 


64S 


UETALLDBGY. 


Fig.  244  ahowa  a  front  elevation,  and,  partly,  a  section  of  a 
bloomery.  A  is  the  hearth,  which  is  lined  with  iron  piatea;  it  is 
square,  and  generally  from  27  by  30  inches  to  28  by  82  inches. 
The  height  is  &om  20  to  25  inches  above  the  tuyere,  and  from  8 
to  11  inches  below.  B  is  the  blast-pipe  from  the  bellows^  gen- 
erally below  ground ;  and  C,  a  hot-air  apparatus  of  tJie  ibim  re- 
presented in  fig.  245.    These  pipes  are  so  arranged  that  eithsr 


hot  or  cold  blast  may  be  used.  At 
is  a  semicircular  water  tuyere, 
I  The  water  after  being  discharged 
*.^'  here  is  conducted  in  a  pipe  under  the 
iron  bottom  of  the  fire  and  confined 
in  a  separate  box,  from  which  it  is  finally  removed  to  a  drain 
below  ground.  .Through  the  front  plate  is  a  hole,  F,  near  the 
bottom  of  the  fire ;  this  serves  for  tapping  off  the  cinder  which 
may  be  superfluous.  E  is  a  chimney  for  leading  off  the  waste 
heat,  after  having  heated  the  blast-pipes. 

Fig.  246  represents  a  vertical  section  of  the  same  fire  in  an  op- 
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posite  direction  to  that  repreaented  in  fig.  248,  in  wliich  the  similar 
letters  repreaent  the  Bame  objects  aa  above.  We  observe  here, 
that  tiie  tuyere  is  not  in  the  middle  of  the  fire,  but  nearer  the  back 
of  it  The  cinder  tap-hole,  F,  ifl  also  more  distinct.  Fig.  247 
shows  a  horizontal  section,  through  the  fire  and  tuyere,  which  re- 
quires no  particular  description.  Here  we  see  the  oblong  form 
of  the  fire-box,  and  that  the  front  of  it,  F,  is  only  a  simple  cast- 
iron  plate.  Without  further  explanation  the  construction  of  this 
apparatus  will  be  understood. 


The  mode  of  operation  m  these  fires  is  very  simple.  The  ore 
is  broken,  and  pounded  in  stamping  mills,  converted  into  a  coarse 
sand,  and  if  impure  washed  to  free  it  from  imparities.  Fire 
ifl  kindled  previously  to  throwing  on  ore,  and  when  the  hearth  is 
thoronghly  heated,  the  ore-sand  is  scattered  over  the  top  of  the 
ooaL  A  high  heap  of  coal  is  kept  constantly  on  the  fire,  and 
some  ore  in  a  body  opposite  the  tuyere.  The  ore  is  thus  heated, 
and  in  moving  downwards  towards  the  tuyere  it  is  melted.  The 
presence  of  hot  carbon  absorbs  sdme  of  its  oxygen  and  converts 
it  partly  into  iron.  This  sinks  to  the  bottom  of  the  fire,  and 
is  there  chilled.  When  sufficient  ore  is  smelted  to  fbrm  a  lupe,  or 
bloom,  no  more  is  thrown  on ;  the  iron  is  raised  from  the  bottom 
by  means  of  a  crowbar,  brought  into  the  heat  before  the  tuyere, 
and  when  considered  ready  for  the  hammer,  it  is  carried  to  it  to 
be  moulded  into  a  square  piece  of  iron,  a  bloom,  of  from  15  to 
20  inches  long,  and  6  or  6  inches  thick  and  square.  When  the 
iron  thus  withdrawn  is  shingled,  fresh  ore  is  thrown  on  the  fire, 
and  the  process  begins  anew. 
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In  some  instances,  these  blooms  are  draiwn  oat  into  flat  cr 
square  bars,  and  in  order  to  save  time  and  heat,  the  mste  heat  of 
the  two  fires  is  concentrated  into  an  oven,  or  store,  above  the  An, 
as  shown  in  fig.  249.  Ilere  we  realize  the  fire,  from  which  the 
flame  is  conducted  to  the  sand-hearth  S,  which  heats  the  blooms^  or 
bars,  and  is  then  conducted  to  heat  the  blast  in  the  pipes,  F.  Tbeae 


n 


pipes  are  straight  and 
walled  in  the  chim- 
ney. At  0  is  a  set  of 
blast-pipes,  more  dis- 
tinctly shown  in  fig. 
SJ50.  These  furnish  heated  atmospheric 
air  to  the  waste  heat  from  the  fire,  and 
burn  any  carbonic  oxide  which  may  hap- 
pen to  escape  from  the  fires.  In  order 
to  obtain  sufficient  heat  for  the  stove,  S,  two  fires  are  so  located 
lis  to  supply  their  waste  heat  to  it.  Or  the  fire  works  by  two  tn- 
veres,  as  shown  in  fig.  251. 

From  these  statements  it  is  manifest  that  only  a  little  capital 
is  required  to  establish  such  forges ;  and  where  ore  is  cheap,  they 
form  the  basis  of  a  profitable  business.  As  may  be  expected, 
pure  specular  ore  is  the  most  profitable  in  this  case ;  it  works 
quick  and  easy,  and  forms  a  strong  fibrous  iron,  rather  more  so 
than  magnetic  ore.  A  great  deal  of  the  success  depends  on  the 
purity  of  the  ore ;  the  quality  and  quantity  of  the  iron  are  both 
determined  chiefly  by  that.  Clean  ores,  which  at  least  fumiah 
65  per  cent  of  iron  in  the  blast  furnace,  yield  in  this  case  about 
40  per  cent. ;  the  yield  of  poorer  ores  diminishes  rapidly.     Ores 
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of  30  per  cent  of  iron  cannot  be  smelted  at  all ;  these  form  cinder 
only,  or  at  best  very  little  iron.  By  hot-blast,  2|  to  2^  tons  of 
ore  are  used,  and  8  tons  by  cold-blast  for  a  ton  of  blooms.  For  a 
ton  of  iron  by  hot-blast,  240  bushels  of  charcoal  are  consumed, 
and  800  bushels  by  cold-blast  The  blast  is  heated  in  some  in- 
stances as  high  as  600°.  These  fires  work  by  aremarkably  heavy 
pressure  of  blast,  equal  to  that  at  blast  furnaces.  The  wages  for 
1  ton  of  blooms  amounts  to  $8,  and  an  additional  sum  of  $3  may 
be  reckoned  for  blast,  interest,  repairs  and  superintendence.  On 
an  average,  100  pounds  of  iron  are  produced  in  1  hour's  time ;  in 
some  instances  there  is  more,  ainounting  to  1500  pounds  a  day, 
or  during  12  hours'  work.  Large  fires  make  as  much  as  2000 
pounds  in  that  time. 

A  large  quantity  of  iron  is  manufectured  in  bloomery  forges, 
of  which  those  of  New- York  State  are  of  such  a  capacity  as  to 
furnish  50,000  tons  per  annum.  An  equal  amount  may  be  ex- 
pected firom  other  States  of  the  Union,  so  that  the  means  for 
manufiwturing  blooms  directly  firom  the  ore,  are  equal  to  100,000 
tons  a  year.  The  operation  is  not  very  economical ;  a  great  deal 
of  stock  is  used  for  one  ton  of  iron,  and  wages  are  not  very  low, 
so  that  a  ton  of  hot-blast  blooms  cannot  be  fiimished  for  less  than 
$85.  Puddled  iron,  which  is  in  many  respects  superior  to  some 
kinds  of  hot-blast  blooms,  may  be  manufactured  lower  than  these 
rates,  particularly  where  mineral  coal  can  be  obtained  at.  reason- 
able prices.  These  blooms  form  a  superior  iron  for  nail  plates, 
and  large  quantities  of  it  are  converted  into  that  article.  It  is 
generally  purer  than  puddled  iron,  and  very  suitable  for  small 
iron.    In  heavy  bars  it  is  rather  cold-short. 

This  mode  of  manufacturing  wrought-iron  is  also  called  the 
Catalan  method,  which  is  conducted  with  the  most  ancient  form 
of  forges  for  making  iron,  and  is  still  extensively  practised  in  some 
parts  of  Europe.  In  those  instances  we  find  the  fire,  or  hearth, 
formed  of  sandstones,  and  protected  by  heavy  charcoal  dust  Cast- 
iron  linings  are  not  often  met  with.  By  these  means  coal  may 
be  saved ;  but  it  causes  a  greater  loss  of  ore  than  in  our  bloomery 
fires,  and  more  labor.  The  form  of  fires  described  above,  as 
used  here,  is  the  preferable  one. 

Oerman  Forge. — Gray  or  white  pig-iron,  is  converted  into 
blooms  in  bloomeries  similar  to  those  above  described ;  they  dif- 
fer only  in  size  and  the  mode  of  working.  A  difference  in  the 
size  and  form  of  the  hearth,  and  its  lining,  position  of  the  tuyere 
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and  manipulation,  is  made  in  the  Gierman  foi^  in  cases  where 
gray  pig-iron,  white  pig-iron,  or  plate-metal  is  worked.  In  moat 
of  these  forgea  pig-iron  is  converted,  and  we  shall  therefore  de- 
lay the  description  of  the  refinery,  or  run-out  fire,  until  the  clo«e 
of  this  article. 

In  fig.  252,  a  vertical  section  of  a  German  forge-fire  is  repre- 


aented.  The  only  difference  between  this  fire  and  the  above 
bloomery  fire  is,  that  the  bottom  ia  not  so  deep ;  it  ranges  from  6 
to  10  inches  below  the  tuyere,  and  the  cast-iron  linings  are  more 
or  less  inclined,  which  facilitates  the  operation  and  saves  fuel. 
The  tuyere  T  is,  according  to  the  kind  and  quality  of  crude  iron, 
more  or  less  inclined,  and  projects  into  the  fire  some  inches,  A 
water-tuyere,  with  solid  bottom,  is  most  generally  used.  The 
nozzle  N,  is  made  of  light  sheet-iron  attached  to  a  leather  bag, 
and  by  that  means  to  the  blast-pipe,  so  as  to  be  easily  moved 
and  directed  to  those  parte  in  the  fire  where  it  works  alow,  and 
where  blast  is  needed.  Other  parts  of  the  apparatus  are  easily 
understood,  and  require  no  particular  description.  Fig.  253, 
shows  a  plan  of  the  fire,  two  of  which  are  frequently  attached  to 
to  one  chimney.  Most  modern  fires  have  each  a  light  chimney, 
constructed  of  bricks ;  it  has  no  other  office  to  perform  than  to 
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condact  the  smoke  and  gases  oat  of  the  building,  and  as  the  tem- 
perature in  it  is  very  low,  it  ought  to  be  sp&ciouH — at  least  four 
square  feet  in  area  for  each  fire.  An  arrangemeot  of  fires,  such 
as  is  shown  in  fig.  254,  is  more  oommon  than  the  one  above. 
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This  plan  is  more  compact,  and  occupies  less  space.  The  chimney 
C  is  then  placed  above  the  two  fires,  which  are  separated  by  a 
partition-wall. 

The  form  of  the  hearth  is  the  only  important  object  in  this 
apparatus ;  all  the  other  parts  may  assume  any  form  whatever, 
without  any  injury  to  the  success  of  the  operation.  The  blast 
should  be  dry,  and  from  J  to  1  pound  of  pressure  is  necessary ; 
150  to  300  cubic  feet  per  minute,  for  each  fire,  are  necessaiy  to 
carry  on  the  operation. 

The  form  of  the  fire  is  an  oblong,  24  x  26  inches,  and  itam 
that  to  25  X  32  inches,  in  the  clear.  The  cast-iron  linings  are 
plates  of  Ij  to  Ij  inches  in  thickness,  and  firmly  wedged  together 
so  as  to  resist  the  disturbance  which  may  be  caused  by  the  use 
of  the  tools.  The  iron  plate  at  the  tuyere  is  inclined  towards  the 
fire,  from  8°  to  12" ;  the  opposite  plate  is  not  quite  as  much  in- 
clined from  it.  Front  and  back  plate  are  generally  plumb; 
or  inclined  from  the  fire;  the  first  is  provided  with  a  2  inch 
circular  hole  near  the  bottom,  for  the  discharge  of  slag.  The  bot- 
tom is  formed  of  a  cast-iron  plate  '2  inches  in  thickness,  which  is 
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kept  cool  by  the  water  box  W,  fig.  255.  In  some  inBtances,  tlw 
water  is  directed  under  tliis  bottom  plate,  without  the  box,  wbidi 
causes  the  bottom  firequently  to  break ;  the  plaa  which  is  reptft- 


sented,  is  better  on  this  account ;  besides,  it  does  not  cool  the 
bottom  quite  so  much  as  the  direct  application  of  water.  The 
upper  edge  of  the  plates  for  the  fire,  and  consequently  the 
whole  hearth,  is  from  15  to  18  inches  above  ground.  The 
inclination  of  the  tuyere,  the  inclination  of  its  plates,  and  the 
dope  of  the  bottom,  are  the  most  important  subjects  to  be  consi- 
dered by  the  smith  in  constructing  it.  These  are  not  the  same  in 
all  instances.  They  are  regulated  by  the  quality  of  the  crude  iron, 
the  iron  to  be  manufactured,  quality  of  coal,  and  the  views  of 
the  workmen.  Here,  as  well  as  in  all  other  cases,  the  foundation 
of  the  hearth  must  be  .dry,  so  that  no  moisture  may  approach  the 
fire. 

Hot-blast  is  not  often  applied  in  these  cases ;  it  is  in  fact  of  litde 
service.  A  little  coal,  and  a  little  iron  may  be  saved ;  but  quite  as 
much  ia  lost  in  the  quality  of  iron  as  is  gained  in  materials.  And  aa 
charcoal  iron  is  chiefly  manufactured  for  the  sake  of  obtaining  good 
quality,  there  is  little  or  no  advantage  in  the  application  of  hot-blast 
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The  hot-blast  appanitUB  may  be  appended,  as  shown  in  figs.  241 
and  219 ;  or  may  be  placed  directly  over  the  fire,  as  shown  in 
fig.  266.  And,  as  in  this  instance  a  high  temperature  of  blast 
cannot  be  applied,  the  latter  method  ^^  ^^ 

may  be  preferable  to  the  former,  i 
as  it  secures  more  durability  to  the 
apparatus.  In  all  instances,  the 
blast-pipes  should  be  so  construct- 
ed as  to  admit  of  a  ready  change 
from  cold  to  hot-blast,  and  the  re- 
verse ;  for  which  purpose  a  valve, 
Y,  is  appended,  which  admits  of 
either  hot  or  cold-blast,  or  both 
mixed. 

The  operation  in  these  fires  is  - 
very  simple ;  with  some  experi- 
ence, good  iron  may  be  made  fiom 
any  kind  of  crude  iron.  When  the 
apparatus  is  wdl  dried,  by  a  slow 
fire,  the  hearth  is  filled  with  char- 
coal and  a  gentle  blast  applied  so  | 
as  to  kindle  all  the  coal  and  heat 
the  plates,  which  are  protected  by  a 
heavy  layer  of  charcoal-dust.  Hard  charcoal,  not  of  too  large  size — 
about  that  of  an  egg  or  a  fist^  is  preferable  to  soft  charcoal ;  it  bears 
a  stronger  blast  and  works  faster.  Either  previous  to  kindling 
fire,  or  when  in  blast,  the  bottom  is  covered  by  throwing  on  good 
rich  slag,  from  previous  refinings,  namely,  that  obtained  by  re- 
heating balls  or  blooms.  A  cover  of  at  least  two  inches  in  thick- 
ness, should  be  on  the  bottom,  and  more  than  that  when  gray  pig 
is  melted.  When  the  fire  ia  thoroughly  ignited,  by  applying 
about  one-third  of  the  full  blast,  or  150  cubic  feet,  blowing  with 
a  nozzle  and  tuyere  of  1^  inches  diameter,  the  pig-iron  is  chared, 
in  the  manner  shown  in  fig.  211.  From  200  to  800  pounds  are 
charged  at  once,  or  gradually.  When  plate-iron  is  charged,  the 
latter  mode  is  applied ;  if  gray  pig,  the  former.  But  there  is  no 
rule  for  this ;  one  refiner  adopts  one  plan  for  all  kinds  of  crude 
iron,  others  make  a  distinction.  Gray  iron  requires  less  blast  and 
less  heat  than  white  iron,  a  shallow  hearth,  and  more  dip  of  the 
tuyere ;  the  bottom  ia  also  more  inclined  towards  the  front  tiian 
when  white  or  plate-iron  is  to  be  refined.    A  slope  of  3°  for  the 
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bottom  may  be  considered  the  extreme  adapted  for  yeij  ftisible 
iron.  We  must  classify  crude  iron  according  to  its  fiisibility,  and 
not  its  color, — for  impure  white  iron  may  work  fiar  slower  than 
pure  gray  iron, — and  when  we  here  use  the  term  gray  iron,  or 
white  iron,  we  refer  to  the  fusibility  of  the  iron,  not  to  its  color. 
In  describing  the  manipulation,  we  will  treat  of  the  two  extremes^ 
— ^the  working  of  gray  iron  and  of  plate-iron.  The  bulk  of  erode 
iron  used,  and  which  forms  the  varieties,  is  worked  between  these 
two  modes  of  manipulation. 

Gray  pig-iron  is  melted  in  at  once,  by  applying  a  very  low 
heat ;  the  broken  pigs  may  therefore  be  placed  above  the  tuyere ; 
it  ought  not  to  be  quite  fluid  when  it  arrives  at  the  bottom. 
Either  while  the  iron  is  thus  melting  down,  or  when  it  is  aU  at 
the  bottom,  and  after  it  has  been  gently  stirred  by  means  of  a 
crowbar,  the  floating  cinder  is  tapped  off  and  thrown  away.  It 
is  of  no  use,  and  contains  most  of  the  injurious  imptirities.  If 
the  iron  is  still  fluid,  some  hammer-scales  are  thrown  on  it,  and  a 
stronger  blast  directed  upon  it ;  it  is  then  stirred,  and  the  result- 
ing cinder  is  tapped  and  thrown  away.  When  thus  made  more 
coherent,  the  iron  is  broken  up,  lifted  from  the  bottom,  and 
heated  in  parcels  before  the  tuyere.  The  still  crude  iron  now 
melts  again,  and  on  arriving  at  the  bottom  begins  to  boil.  If  it 
is  now  diligently  stirred,  by  means  of  an  iron  bar,  under  an 
increase  of  blast,  it  gradually  gathers  into  lumps ;  when,  in  this 
condition,  the  cinder  is  again  tapped  off  from  the  iron  and  saved. 
The  mass  is  now  tough,  and  assumes  the  nature  of  wrought-iron. 
Under  an  increase  of  blast,  this  iron  is  turned  about,  thoroughly 
heated  on  all  sides,  and  gradually  converted  into  one  or  more 
round  balls,  which  are  now  brought  to  the  tilt-hammer  and  shin- 
gled down  into  blooms.  All  this  time  the  fire  is  well  supplied 
with  coal,  and  the  blast  increased  to  its  full  force  on  the  finished 
loop.  If  the  iron  is  very  impure  and  ftisible,  it  will  require  a 
great  deal  of  labor  and  the  use  of  much  coal ;  still,  the  yield  can- 
not be  expected  to  be  high,  particularly  when  a  good  quality  of 
iron  is  to  be  made.  As  much  as  250  bushels  of  coal  may  be 
consumed  on  weak  pig-iron ;  4  hours'  work  is  required  on  a  heat, 
and  80  per  cent,  of  iron  may  be  lost. 

White  iron,  or  plate-iron,  is  worked  on  a  different  plan.  The 
basin  of  the  hearth  is  deeper  than  for  gray  iron,  the  tuyere  does 
not  dip  so  much,  the  blast  is  stronger  from  the  beginning,  and 
the  work  oonuuences  as  soon  as  melted  iron  arrives  at  the  bottom. 
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This  kind  of  iron  is  never  very  fusible,  and  if  it  is  fluid,  it  does 
not  long  remain  so  after  being  exposed  to  the  effect  of  the  blast 
The  purer  and  stronger  the  iron  is,  the  more  it  is  inclined  to 
coagulate.  So  soon  as  it  is  partly  melted,  it  is  lifted  from  the 
bottom,  brought  before  the  tuyere,  and  by  turning  it  about  it  is 
heated  and  refined  on  all  sides.  Those  parts  which  do  not  resist 
the  strong  fire,  melt  down  again  and  are  taken  up  a  second  time. 
A  number  of  small  balls  are  thus  formed,  which,  on  being  ex- 
posed to  an  increasing  heat,  are  welded  together  and  formed  into 
a  large  ball,  of  100  or  more  pounds,  which  is  brought  under  the 
hammer  for  compression.  The  work  on  this  kind  of  iron  pro- 
ceeds faster  than  with  gray  iron,  less  coal  is  used,  and  the  yield 
is  far  better.  In  two  hours  800  pounds  can  be  heated,  and  a  ton 
of  iron  by  the  use  of  120  bushels  of  charcoal,  and  from  86  to  90 
per  cent,  of  iron  yielded  firom  the  crude  plate-iron.  One  fire  will 
easily  produce  from  4  to  5  tons  a  week,  while  from  gray  pig-iron 
not  more  than  half  that  quantity  can  be  obtained. 

The  methods  of  making  wrought-iron  by  these  means  are 
innumerable,  but  the  variations  are  chiefly  caused  by  the  quality 
of  the  crude  metal  and  the  quality  of  iron  to  be  produced.  An 
important  point,  relating  to  the  success  of  our  forges,  is  the  qua- 
lity of  the  iron  manufactured;  for  their  success,  in  fact  their 
existence,  depends  upon  good  quality.  Puddled  iron  can  be 
manufJEU^tured  much  cheaper,  and  supplies  the  market  with  infe- 
rior qualities  at  prices  at  which  charcoal-iron  cannot  be  made. 
To  produce  good  charcoal-iron,  such  as  is  equal  to  the  Swedish 
article,  requires  good  cold-blast  pig-iron.  All  experience  has 
shown,  and  theory  confirms  it,  that  first-rate,  pure  and  uni- 
form iron,  cannot  be  manufactured  directly  from  the  ore,  nor 
from  hot-blast  iron,  in  competition  with  the  foreign  article, — ^at 
least,  not  at  prices  which  are  offered  at  present.  The  iron  most 
in  demand,  and  for  which  reasonable  prices  are  obtained,  is  wire- 
iron,  steel-iron,  and  iron  for  the  use  of  hardware  manufacturers  of 
fine  articles.  Iron  for  these  purposes  must  be  very  pure.  It  is 
of  litde  or  no  consequence  if  such  iron  is  fibrous,  or  not ;  on  the 
contrary,  for  most  of  the  above-named  articles,  the  granulated 
iron  is  preferable.  Iron  of  high  purity  cannot  be  manufactured 
of  white  plate-iron,  neither  can  it  be  made  of  hot-blast  iron,  or 
directly  from  ore,  no  matter  how  pure  the  minerals  and  the  ftiel 
are.  Mottled  pig-iron,  smelted  of  good  ore  with  good  charcoal, 
in  a  low  hearth  and  steep  boshes^  is  the  only  form  whidi  will 
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produce  bar-iron,  fit  for  prime  qualities  of  steel  and  other  similsr 
uses.  When  such  mottled  iron  is  melted  in  small  quantitieS|  of 
not  more  than  80  or  100  pounds  at  a  time,  in  the  common  Ger- 
man forge,  and  boiled,  there  is  not  the  slightest  difficulty  in  mak- 
ing first-rate  iron.  When  hot-blast  is  avoided,  and  no  cinder  or 
hammer-slag  from  any  inferior  quality  of  iron  is  used,  great 
cleanliness  observed  about  the  fire,  and  diligence  displayed  on 
the  part  of  the  workmen,  we  cannot  anticipate  any  difficulty. 
In  this  operation,  much  coal,  labor  and  iron  are  consuiaed, — and 
in  some  instances  they  may  twice  exceed  what  is  required  for 
common  iron, — but  the  price  obtained  for  good  iron  compensates 
for  the  higher  cost.  It  is  impossible  to  make  very  pure  iron 
without  these  means.  Innumerable  experiments  have  been  tried 
to  manufacture  it  with  the  assistance  of  artificial  fluxes,  with  but 
little  success.  The  form  and  nature  of  iron  requires  the  use  of 
very  good  fluxes,  such  as  iron  itself,  manganese,  and  potassium 
or  soda.  All  attempts  to  employ  the  latter  succesafuUy  have 
failed,  and  no  other  fluxes  can  be  used  to  advantage  than  those 
which  the  crude  iron  contains.  For  this  reason,  iron  smelted 
by  charcoal,  and  from  ore  which  contains  manganese,  furnishes 
always  strong,  and  in  most  instances  the  purest  kinds.  But  it  is 
an  essential  condition  that  such  ore  should  be  smelted  by  char- 
coal and  cold  blast,  or  the  presence  of  manganese  ceases  to  be 
advantageous. 

UteeL — This  is,  and  may  be,  manufactured  from  any  kind  of 
good  gray  pig-iron,  or  white  pkte«iron,  smelted  from  sparry  ore. 
No  other  alterations  at  the  fire  are  required,  than  to  do  away  with 
the  cast-iron  lining,  and  bottom  and  surround  the  fire  with  argil- 
laceous sandstone.  The  bottom  ought  to  be  formed  of  a  very 
strong,  well-dried  sandstone,  or  it  does  not  last  long ;  and  a  good 
one  does  not  often  last  longer  than  7  or  8  heats.  In  this  instance, 
the  fire  is  somewhat  more  contracted  in  size  than  that  for  iron ; 
the  tuyere  higher,  about  10  or  11  inches  above  the  bottom,  and 
not  much  inclined,  so  that  the  blast  does  not  touch  the  iron  on 
the  bottom.  A  strong  blast  and  little  work ;  melting  ofi*  the  tuyere 
in  small  quantities  of  from  25  to  40  pounds ;  and  melt  no  second 
piece  until  the  first  is  hardened  in  the  bottom, — these  are  the  rules 
to  be  observed.  The  quality  of  steel  depends  entirely  on  the 
quality  of  the  crude  iron,  and  on  the  skill  of  the  steel-maker ;  but 
chiefly  on  the  first.  An  impure  iron  never  will  produce  steel; 
and  all  attempts  to  make  a  useful  strong  article  from  poor  ores. 
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weak  iron,  or  coke  or  anthracite  iron,  will  prove  unsuccessful. 
This  mode  of  making  steel,  generallj  known  as  the  German 
method,  is  not  proper  to  be  employed  in  this  country,  and  is  not 
in  use.  It  requires  a  kind  of  crude  iron  expressly  smelted  for 
the  purpose,  causes  much  labor  and  the  use  of  much  charcoaL 
The  steel  thus  made  is  generally  a  mixture  of  iron  and  steeL 
There  is  much  labor  and  loss  of  metal  in  refining,  and  tedious- 
ness  in  assorting,  which  cause  it  to  be  an  expensive  article. 
Welding  steel,  shear-steel,  or  German  steel,  may  be  made  of 
blistered  or  cast-steel,  in  greater  perfection  and  at  less  expense 
than  that  directiy  &om  the  crude  iron.  Of  this  we  shall  speak  at 
the  close  of  this  article. 

Refining  of  Crude  Iron. — A  variety  of  means  may  serve  for 
refining  crude  iron.  littie  use  is  made  of  refining  in  our  iron- 
works, and  therefore  we  shall  not  spend  much  time  on  this  sub- 
ject. It  is  an  important  paxt  of  the  description  of  the  manufacture 
of  iron,  as  it  supplies  the  means  for  a  philosophical  examination 
of  crude  iron.  Any  re-smelting  of  a  fusible  metal,  and  therefore 
of  iron,  is  to  a  certain  degree  a  refining  operation.  In  many  in- 
stances  it  is  performed  for  the  express  purpose  of  improving  the 
quality  of  the  metal ;  in  others,  that  improvement  is  incident^ 
and  the  fluid  metal  the  object.  The  re-melting  of  iron  in  a 
cupel  oven  includes  the  refining  of  the  metal ;  when  this  is  per- 
formed with  the  addition  of  suitable  fluxes,  we  perceive  a  remark- 
able improvement  in  the  quality.  Melting  in  a  cupel  oven  by 
charcoal  has  a  superior  efif^ct  to  that  by  anthracite,  which  furnishes 
a  more  purified  iron  than  the  melting  by  coke.  In  melting  iron 
for  the  foundry,  it  is  the  object  to  retain  as  much  carbon  in  it  as 
possible.  Tiiis  ought  to  be  the  object  in  refining  for  the  forge ; 
the  separation  of  other  impurities  is  then  possible,  but  not  so 
without  the  presence  of  carbon.  The  practical  difficulty  of  puri- 
fying iron  in  the  puddling  furnace  and  the  forge  fire,  consists 
chiefly  in  the  cold  surrounding  walls  of  the  fire,  which  are  most 
commonly  of  iron  plates.  This  causes  the  crystallization  of  many 
particles  of  iron  which  are  not  sufficientiy  purified,  and  conse- 
quently defeats  the  object  of  the  process.  In  order  to  retain  the 
fluidity  of  iron,  and  at  the  same  time  remove  those  impurities 
which  are  injurious  to  its  quality,  the  presence  of  carbon  and  hot 
walls  of  the  furnace  are  required.  These  statements  are  the  result 
of  repeated  experiments  in  refining  iron  in  the  cupel  oven,  on  our 
own  part,  which  led  to  unexpected  results.  Having  been  engaged 
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.  in  improving  iron,  by  means  of  artificial  fluxes,  for  many  yean, 
and  having  met  with  many  defeats,  we  were  naturally  led  to 
reflect  on  the  cause  of  these  failures,  and  came  to  the  conclusion 
expressed  above,  and  in  consequence  of  cupel  oven  experiments. 
The  result  of  these  experiments  is,  that  any  inferior  crude  coke 
or  anthracite  iron  is  not  improved  in  re-melting  it  in  a  cupel  oven 
with  fluxes  which  may  part  with  oxygen,  such  as  the  oxides  of 
iron,  or  oxides  of  other  metals.  The  alkalies  and  their  salts  are 
likewise  of  little  use, — they  evaporate  entirely  at  the  high  heat 
required  for  re-melting  iron.  The  only  practicable  flux  was  found 
to  be  limestones,  and  the  best  is  argillaceous  limestone.  Quick- 
lime had  little  influence,  and  this  forms  one  of  the  strongest  argu- 
ments against  its  use  in  the  blast  furnace.  By  means  of  good 
limestone,  any  iron,  no  matter  how  impure,  may  be  improved, 
provided  the  limestone  is  fusible,  and  forms  a  slag  before  it 
arrives  at  the  tuyere ;  when  it  goes  down  in  pieces  which  are 
not  melted,  but  little  is  gained  in  quality.  This  mode  of  refining, 
however  safe,  is  not  practicable  in  most  instances,  for  it  requires 
so  much  limestone  for  purifying  some  kinds  of  iron,  that  the 
quantity  used  is  an  obstacle  to  success.  By  repeatedly  re-melting 
iron  with  less  limestone,  a  good  result  may  be  obtained.  In  order 
to  avoid  or  remedy  this  evil  of  too  much  limestone,  we  have  had  a 
limestone  furnace  constructed,  so  that  with  the  addition  of  a  limited 
amount,  the  iron  might  be  deprived  of  its  impurities.  This  ope- 
rated well  enough  for  melting  a  few  tons  of  iron,  when  the  lime- 
stone walls  were  eaten  away,  and  it  became  necessary  to  renew 
them.  By  these  means  iron  well  purified  for  the  forge-fire  or 
the  puddling-fumace  may  be  obtained,  but  the  operation  is 
expensive,  because  of  repeated  re-melting,  or  interruption  caused 
by  repairs.  The  loss  in  iron  is  very  small,  and  the  use  of  fuel  no 
serious  objection  to  this  mode  of  refining.  We  may  inquire,  why 
here,  as  any  where,  carbonate  of  lime  has  so  beneficial  an  influ- 
ence on  crude  iron.  The  cause  may  be  found  in  the  nature  of  the 
most  injurious  impurities  of  crude  iron,  and  the  nature  of  the 
iron  itself.  The  substances  which  chiefly  accompany  crude  iron, 
are  carbon,  silicon,  phosphorus  and  sulphur ;  lime  combines  with 
all  of  them,  except  carbon.  Phosphorus  and  sulphur  may  be 
effectually  removed  by  quicklime,  and  equally  as  well  by  car- 
bonate of  lime ;  the  carbonic  acid  and  oxygen  is  readily  driven 
off  by  these  substances.  Silicon  does  not  combine  with  lime ;  it 
may  in  part,  but  when  it  absorbs  oxygen  from  quicklime,  it  will 
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form  a  lai^  quantity  of  calcium,  which  is  equally,  if  not  more, 
iigurious  to  iron  than  silicon.  Oarbonic  acid  is  here  decomposed 
by  silicon,  and  the  latter  forms,  by  being  oxidized,  a  mlicate  of 
lime.  By  these  means  carbon  is  retained  in  the  iron,  while  moat 
of  the  other  impurities  are  removed.  We  shall  now  be  enabled 
to  appreciate  the  value  of  the  following  modes  of  refining. 

A  bloomeiy  fire,  or  a  German  forge,  fig.  267,  ia  a  suitable  re- 


finery. Merely  melting  the  iron  in  this  fire,  tapping  it  at  the  tap- 
hole  in  front,  and  running  it  into  chills,  furnishes  an  improved 
crude  iron.  la  this  operation  fusible  limestone  may  be  used  to 
advantage ;  an  addition  of  10  per  cent  of  such  limestone  will 
effectually  remove  3  or  4  per  cent,  of  phosphorus.  A  second  melt- 
ing with  the  same  quantity  of  limestone  will  produce  a  perfectly 
pure  and  strong  iron.  This  mode  of  refining  is  expensive,  on  ac- 
count of  the  large  quantity  of  coal  used,  and  the  small  quantity 
of  iron  fiimished  from  the  crude-iron.  It  is  not  oflien  attempted. 
Some  years  ago,  a  reverberatory  fiirnace  was  recommended, 
and  employed  for  refining  crude-iron.  We  are  not  aware  of  its 
use  at  the  present  time,  but  as  we  shall  have  occasion  to  refer  to 
it  again,  we  iumish  an  illustratioQ  of  such  an  apparatus  in  fig. 
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268.  The  fiiniftce,  as  represented,  has  the  fbnn  of  a  oommon  n> 
verberatory ;  the  hearth  A,  is  &om  7  to  8  feet  lon^  and  6  or  8 
feet  in  the  clear.    The  fire-grate  ia  supplied  either  bj  blast,  or 


draught  A  ton  of  iron  is  charged  at  onoe  in  the  hearth,  with 
fluxes  of  lime  or  hammer-slag,  oyster  shells,  or  forge  cinder,  and 
melted  with  them.  When  perfectly  fluid,  various  currents  of 
blast,  supplied  by  the  pipes  B,  and  tuyeres  C  C,  in  the  oppo^te 
sides  are  directed  on  its  surface,  which  oxidize  iron  and  impuri- 
ties, and  by  these  means  produce  plate-iron  of  more  or  leas  good 
quality. 

We  suppose,  there  is  no  necessity  of  explaining  why  this  mode 
of  refining  cannot  produce  satisfactory  results.  Good  iron  may 
thus  be  made  irom  good  pig,  and  also  phosphorus  and  sulphur 
may  be  removed ;  but  the  greatest  obstacle,  namely,  tnlieon,  can- 
not be  got  rid  of  by  these  means.  There  is  too  much  free  oxygen 
for  the  efiectual  removal  of  it,  the  iron  is  deprived  of  fluidity  be- 
fore the  newly  formed  silica  can  be  expelled. 

In  fig,  259  we  represent  a  vertical  section  of  a  run-out  fira 
This  is  an  iron  frame-work  about  4  feet  square,  and  8  feet  high, 
surmounted  by  a  brick,  or  sheet-iron  chimney.  These  fires  are 
worked  by  two  rows  of  tuyeres,  one  opposite  to  the  other.  Those 
fires  with  but  one  row,  are  not  much  in  use,  and  are  smaller. 
The  tuyeres  A  A,  are  about  9  or  10  inches  above  the  bottom, 
which  ia  formed  of  a  sandstone  slab,  or  of  fire-bricks,  or  of  coarse 
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Band.    The  caatiron  aides  of  the  furnace,  B  B,  are  hollow,  and 
supplied  wi^  a  permaneDt  -curreiit  of  cold  water,  so  as  to  keep 


tliem  cooL  The  tuyeres  are  also  water-tuyeres,  supplied  from 
troughs  above.  The  water  from  the  tuyeres  and  the  boshes  is 
conducted  into  an  iron    trough,  ^_  „„ 

which  surrounds  the  fiimace,  so 
as  to  prevent  its  penetrating  below 
the  hearth.  In  fig.  260  a  plan  of 
the  fire  is  shown.  We  see  the  dis- 
position of  the  6  tuyeres  AAA, 
at  some  fires  there  are  only  4,  and 
at  single  fires  but  2.  We  also  see 
the  arrangement  of  the  blast-pipes ; 
the  chests  C  C,  serve  for  the  pro- 
per adjustment  of  the  nozzles.  The 
quantity  of  blast  is  regulated  by  a 
trundle-valve  in  the  blast-pipe,  or 
by  a  dish-valve  in  the  cheat  In 
this  engraving  we  also  observe  the 
arrangement  of  the  water-boshes ; 

the  tap-hole  D,  in  front,  and  the  chill,  or  mould,  into  which  the 
iron  is  cast    This  latter  is  more  diatinotly  shown  in  fig.  261, 
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which  ifl  a  Tertdcal  sectioQ  in  an  opposite  diiection  to  that  of  die 
first  engraving.  The  back'  of  the  fire,  as  well  as  ita  sides  and 
front,  are  in  some  instances  closed  by  sheet^iron  ioam,  to  protect 
the  workmen.    The  chill,  or  mould  £,  is  a  heavy  trough  of  cast- 


iron  ;  it  should  be  at  least  as  heavy  as  the  iron  cast  into  it^  or 
heavier,  which  is  better  still  It  la  from  10  to  16  feet  long,  and' 
22  to  28  or  30  inches  wide  according  to  the  quantity  of  iron 
melted  at  once.  The  sole  or  bottom  of  the  hearth,  when  made 
of  coarse  sand  or  fine  gravel,  is  liable  to  be  filled  with  iron,  and 
should  be  broken  up  every  week  and  replaced  by  a  new  bottom. 
The  manipulation  at  these  fires  is  very  simple ;  either  char- 
coal or  coke,  chiefly  the  latter,  ia  used  as  fueL  When  the  hearth 
is  filled  with  coal,  and  this  is  thoroughly  ignited,  600  or  600 
pounds  of  pig  iron  are  charged  on  the  top  of  it  at  once.  The 
whole  of  this  iron  is  again  covered  by  fuel.  When  it  begins 
to  melt,  a  second  charge,  of  an  equal  weight  with  the  first,  is  ap- 
plied. To  this  fiiel  is  added,  and  the  filling  ia  continued  until  the 
quantity  of  iron  is  sufficient  to  cover  the  bottom  6  or  6  inches 
deep.  This  amounts  in  small  fires  to  about  i  a  ton,  and  in  lar^ 
ones  to  1^  tons  of  iron.  The  charging  of  iron  now  ceases,  and 
only  fuel  is  supplied,  which  is  always  kept  at  least  12  or  24  inches 
high  above  the  tuyere.  In  a  fire  with  6  tuyeres,  and  strong  blast,  1 J 
tons  are  melted  down  in  one  hour,  and  if  good  pigs  have  been 
smelted,  J  an  hour  more  will  finish  the  heat ;  thus  a  heat  may  be 
made  in  1^  hours'  time.     Gray  iron  and  inferior  iron,  consume 
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from  2  to  8  hours  for  one  heat.  In  Pittsburgh,  where  charcoal 
pigs  chiefly  are  used,  a  fire  refines  about  8  tons  in  12  hours.  Of 
coke  pig,  or  anthracite  pig,  less  can  be  refined  in  the  same  time. 
The  blast  for  coke  must  be  strong ;  when  playing  on  the  surface 
of  the  melted  iron,  it  generally  keeps  the  coke  suspended,  so  that 
it  hardly  touches  the  iron,  and  as  this  is  necessary  for  success,  the 
pressure  of  the  blast  must  vary  with  the  specific  gravity  of  the 
fuel.  For  coke  the  density  of  blast  is  about  1  pound  to  1 J  pounds 
to  the  square  inch.  The  blast  is  generated  in  iron  cylinder  bel- 
lows. For  charcoal  ^  pound  to  j  poimd  pressure  is  suflBcient. 
WhUe  blowing  on  the  melted  iron,  a  multitude  of  sparks  escape 
from  the  fire,  which  are  burning  iron ;  when  these  sparks  are  very 
profuse,  the  operation  is  finished  and  the  iron  let  out,  or  run  out 
The  tap-hole,  which  is  stoppered  up  by  sand,  is  for  this  purpose 
opened,  and  the  iron  flows  down  info  the  chill.  When  too  many 
sparks  are  emitted  while  it  flows,  and*the  iron  looks  mushy,  it  is 
too  refined ;  much  has  been,  and  will  still  be  wasted.  When  the 
flowing  iron  sparkles  but  little,  and  the  iron  flows  very  thin,  it  is 
not  sufficiently  refined,  and  will  cause  slow  work  in  puddling. 

The  mould,  or  chiU,  is  coated  with  a  clay  wash,  which  pre- 
vents the  adhesion  of  the  fine  metal  to  the  chill.  This  coating 
must  be  perfectly  dry,  and  in  fact  the  whole  of  the  mould  must 
be  free  from  any  moisture,  or  dangerous  explosions  may  happen. 
A  portion  of  the  slag,  which  follows  the  iron  from  the  fire,  re- 
mains on  its  surface,  and  forms  a  crust  which  flies  off  as  the  metal 
gradually  cools.  .When  it  is  so  far  cooled  as  to  be  hard  on  the 
surface,  a  stream  of  cold  water  is  conducted  over  it,  which  causes 
it  to  crystallize,  whitens  the  metal,  renders  it  brittle,  and  more 
suitable  for  subsequent  operations.  The  plate  of  fine  metal,  which 
is  from  8  to  4  inches  thick,  is  broken  up  and  removed  to  the  pud- 
dling frimaces.  The  waste  of  metal  in  this  operation  is  from  8  to 
25  per  cent. ;  good  charcoal  iron  loses  the  first,  and  bad  coke  iron 
the  latter  amount  For  refining  one  ton  of  fine  metal,  500  pounds 
of  coke  or  80  bushels  of  charcoal  are  used. 

In  this  process,  as  well  as  in  the  bloomery  fire,  no  artificial 
fluxes  have  been  employed  with  success;  the  only  substances 
which  are  sometimes  used  are  limestone,  or  forge  cinder.  The 
color  and  other  appearances  of  the  fine  iron  are  no  indications  of 
quality ;  nothing  but  actual  trial  by  puddling  can  decide  on  its 
value.  From  the  nature  of  the  operation  it  may  be  inferred  that 
carbon  chiefly  is  removed,  and  that  silicon  and  other  substances 
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remaiii  in  the  fine  iron.  This  is  proved  by  practice ;  for  v^ 
impure  iron,  which  causes  much  waste  in  refinmg,  is  not  xuudi 
better  after  that  operation.  Gray  iron  of  good  quality  is  imf 
proved  to  some  degree,  but  not  sufficiently  to  pay  for  the  trouble. 

When  we  take  a  critical  review  of  this  operation  of  refining,  we 
find  that  it  is  of  little  service  in  the  manu&cture  of  iron,  and  aie 
much  gratified  to  perceive  the  gradual  disappearance  of  this  super- 
fluous addition  to  the  iron  works.  There  is  not  the  slightest  diffi< 
culty  in  producing  good  iron  in  the  forge  or  puddling  furnace^ 
without  refining.  And  if  we  are  inclined  to  spend  much  labor 
and  fuel,  we  may  succeed  in  forming  a  better  article  without,  than 
with  the  assistance  of  the  finery.  The  leading  principle  in  this 
operation  is,  or  ought  to  be,  economy ;  a  saving  of  crude  iron 
from  the  pigs  to  the  rough  puddled  bar.  But  if  we  examine  this 
subject,  we  find  that  nothing  is  saved  by  refining.  Taking  the 
loss  in  the  finery  together  with  that  of  the  puddling  furnace,  it 
exceeds  always  the  loss  of  iron  where  it  is  puddled  in  one  operar 
tion  directly  from  the  pigs.  The  latter  process  causes  about  26 
per  cent  more  labor  without,  than  with  refining ;  which  is  com- 
pensated  by  the  expenditure  in  fuel  and  labor  at  the  finery. 

Forge  cinder,  firom  the  very  best  iron,  consists  of  about  93  pro- 
toxide of  iron,  or  alkalies,  and  7  silex,  in  100  parts ;  while  that 
fi:om  ordinary  charcoal  forge  iron  consists  of  about  80  alkali  and 
20  silex ;  and  puddling  cinder  from  60  oxide  of  iron  and  40  silica 
to  70  iron  and  30  silica.  The  cinder  from  a  finery  is  composed 
of  from  60  oxide  of  iron  and  40  silica,  to  70  alkali  and  80  acid. 
We  omit  to  furnish  exact  analyses,  which  include  aluminai 
phosphoric  acid,  and  other  substancQs,  because  these,  in  fSact,  have 
nothing  to  do  with  the  point  under  consideration.  K  in  a  finery 
a  cinder  could  be  formed  which  consisted  chiefly  of  other  alkaline 
matter,  containing  little  or  no  iron ;  and  if  such  a  cinder  could 
not  be  produced  in  a  puddling  furnace,  there  would  be  some  rea- 
son for  applying  a  separate  process  for  refining  crude  iron.  Blast 
furnace  cinder  from  good  charcoal  blast-furnaces,  consists  gener- 
ally of  a  number  of  elements,  such  as  the  following,  from  a  Swed- 
ish blast  furnace.  Silica  61*06,  Alumina  5'38,  Peroxide  of  Iron 
3-29,  Peroxide  of  Manganese  2*63,  Magnesia  712,  and  Lime  19-81. 
If  a  cinder  of  a  similar  constitution  could  be  formed  at  a  finery, 
there  is  no  doubt  advantages  could  be  derived  from  it,  but  not 
otherwise.  So  long  as  the  cinder  in  the  puddling  furnace  does 
not  contain  much  more  iron  than  the  finery  cinder,  there  is  little 
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advBDtage  in  refining.  But  when  the  object  is  to  make  a  very 
pore  iron  in  the  forge  fire,  or  a  pure  fibroue  iron  in  the  puddling 
fiimaces,  in  which  case  a  slag  of  some  70  or  80  per  cent,  of  iron 
is  formed,  and  used  in  the  finery  as  fiux,  there  may  be  advanta- 
ges in  refining.  This  case  does  not  happen,  becauae  the  iron  ob> 
tained  by  such  an  operation  would  he  too  expensive. 

Puddling. — This  part,  or  branch,  of  the  iron  business  haa  been 
much  cultivated  of  late  years,  and  is  still  undergoing  daily  im- 
provements. We  shall  confine  our  remarks  to  the  most  common 
form  of  furnaces,  and  mention  such  alteratiotia  as  are  incidental 
to  particular  localities  and  material  as  we  proceed.  Puddling  is 
the  most  rational  process  of  refining  iron,  and  must  finally  super- 
sede all  others.  That  it  has  not  done  so  already,  most  be  ascribed 
to  some  practical  difficulties  which  we  shall  mention  presently. 
Personally,  we  have  had  mtich  experience  in  this  branch,  meeting 
often  witii  good  success,  but  more  frequently  with  disappoint- 
ment 

Single  Furnace. — The  form  of  apparatus  in  which  puddling  is 
performed  may  be  divided  'into  two  classes,  single  fiimacee  and 
double  furnaces.  The  manipulation  itself  is  also  divided  into  two 
classes,  termed  puddling  and  boiling.  A  single  furnace  is  repre- 
nented  in  fig.  262,  of  which  A  is  the  hearth  on  which  the  opera- 


tion of  converting  cast-iron  into  wrought-iron  is  performed.  B  is 
the  fiimace  or  fire-place ;  C,  the  fiuo  leading  to  the  chimney  D. 
All  the  interior  parts  are  constructed  of  good  fire-brick,  and  the 
whole  is  inclosed  by  a  casing  of  cast-iron  plates.  Around  the 
hearth  A,  runs  a  double  lining  of  cast-iron,  called  the  boshes, 
marked  £.  These  are  more  distinctly  shown  in  fig.  2^,  which 
is  a  vertical  section,  through  the  grate,  hearth,  and  stack.  The 
cast-iron  boshes,  which  are  open  below,  aa  shown,  are  prevented 
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from  melting  hj  a  circulation  of  air,  which  has  aooesB  &aat  beleir 
the  bottom.  The  whole  length  of  the  fiimace  is  about  12  feet, 
uid  that  of  the  stack  4}  fbet    The  dimensions  of  the  jmrts  in  this-. 


furnace  vary  in  some  measure  according  to  the  kind  of  iron,  cool, 
and  the  mode  of  working.  In  general,  the  grate  affords  a  surface 
of  from  7  to  10  square  feet,  the  working  part  of  the  hearth  is  from 
16  to  24  square  feet.  The  depth  of  the  fireplace,  or  the  height  of 
the  fire-bridge  A,  above  the  grate  bars,  ia  from  18  to  22  inches. 
The  depth  of  the  cast-iron  bottom-plate  H,  from  the  work-plate 
below  the  door  F,  ia  about  6  or  7  inches  for  puddling,  or  10  to 
12  inches  for  boiling  foruacea.  The  width  of  the  flue  C,  is  such 
as  to  afford  a  sectional  itrea,  equal  to  }  of  the  grate-surface.  The 
interior  of  the  chimney  is  about  18  or  20  inches  square;  and  bo 
high  as  to  reach  over  the  roof  of  the  building. 

Iq  the  drawing,  fig.  264,  we  represent  a  vertical  section,  across 
the  work-door.  It  shows  the  position  of  that  door,  and  the  form 
of  the  roof.  In  fig.  265,  a  section  across  the  grate  and  the  stoke- 
hole is  represented.  The  latter  ia  filled  with  coal,  instead  of  being 
shut  by  a  door.  This  mode  of  shutting  theflreplaoe  ia  apphcahle 
when  the  furnace  is  worked  by  draught  only.  When  blast  is  ap- 
plied below  the  grate  an  iron  door  is  made.     As  remarked  before 
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the  whole  of  the  fiimace  is  Hurrotuided  by  an  iron  inclosnre, 
which  ia  most  generally  formed  of  caa^i^on  plates,  SCTewed  to- 


gether.    It  may  be  f(»med  of  looee  cost-iroD  plates,  or  of  rough 
bars,  or  flat  null-bars  eqvially  as  well,  as  we  shall  show  hereafter. 


In  flg.  266  the  whole  of  a  furnace  ia  represented  in  view,  as  it  is 
commonly  constructed,  and  in  use  in  the  Western  States,  particu- 
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larly  in  the  Pittsburgh  coal  regioo.  The  inclosing  plates  ore  aboot 
I  of  aa  inch  thick,  and  their  strength  depends  chiefly  on  the  ribs 
by  which  they  are  screwed  foi^ther.  The  brick  chimney,  which 
is  lined  with  firebrick,  rests  upon  4  strong  cast-iron  columns  about 
6  feet  high.  That  part  between  these  columns,  is  also  indoeed 
by  iron  plates,  and  is  formed  entirely  of  firebrick ;  it  is  exposed 
to  the  highest  heat  and  needs  frequent  repturs.  The  above  is  the 
most  simple  form  of  a  puddling  furnace. 

Double  Furnace. — Throughout  the  States,  on  the  eastern  slope 
of  the  Allegbanies,  we  do  not  find  many  siDgle  paddliiig  fbmaoes 
in  operation ;  most  of  them  are  double  fumacefl  with  opposite 
doors.    Fig.  267  shows  the  ground  plan  of  the  hflHttii,  .gnte,  and 


flue,  or  stove  of  a  double  furnace.  The  work-doora  F  F,  are  here 
opposite  each  other,  so  that  two  men  may  be  at  work  at  the  same 
time.  The  general  dimensions  of  this  furnace  are  not  much  larger 
than  those  of  a  single  furnace,  and  if  any  advantage  exists  in  the 
single  furnace  over  the  double  one,  which  ia  frequently  asserted, 
it  is  in  the  comparatively  larger  dimensions  of  the  hearth,  which  ad- 
mits of  the  presence  of  more  cinder  in  proportion  to  the  iron 
worked  at  a  time ;  and  also  the  absence  of  the  second  door,  in 
consequence  of  which  the  hearth  ia  not  so  much  cooled  by  the 
entrance  of  cold  air.  In  general,  the  advantages  of  the  double 
furnace  so  far  predominate,  as  to  cause  the  gradual  disappearance 
of  single  ones.  The  surface  of  the  grate  is  here  not  often  less  than 
15  square  feet ;  the  area  of  the  hearth  about  40  square  feet,  and 
the  area  of  a  section  of  the  flue,  2  square  feet  The  total  length 
of  the  furnace,  exclusive  of  stack,  12  or  13  feet,  and  the  width 
outside  61,  and  from  that  to  7^  feet  Behind  the  flue,  in  the  pro- 
longation of  it,  there  is  a  stove  S,  for  warming  pigs,  which  is  more 
distinctly  shown  in  fig.  268.    In  some  furnaces,  w«  find  simply 


FABTICDLAB  JtETALLVSQlCAL  OPERATIONS. 


56S 


fiquare  oast-iron  pipes  of  about  6  inches  in  width,  1 1 1 1,  laid 
across  the  fttmace,  forming  the  fire  and  fine  bridges;  these  pipea 
project  through  the  inclosure.  By  these  means  the  baldug  of 
cinder  through  the  bridges  is  prevented.  In  this  instance,  the 
hearth  of  the  furnace  is  lined  with  soapstone,  or  magnetic  iron 


ore,  which  forms  the  boshes.  In  most  of  these  furnaces  hollow 
cast-iron  boshes  are  inserted  all  around  the  hearth,  which  are 
kept  cool  by  &  circulation  of  air,  or  blast ;  or,  which  is  not  often 
the  ease,  by  a  circulation  of  water.  Most  of  these  fiirnaces  are 
supplied  with  fresh  air  under  the  grate,  by  means  of  fan-blast 
Two  furnaces,  to  one  fan  of  the  kind  described  in  figs.  269  and 
270,  which  with  a  diameter  of  3  feet,  performs  from  700  to  800 


revolutions,  is  the  form  commonly  adopted. 
-  In  this  case  the  ash-pit  is  provided  with 
a  doors,  and  the  blast  conducted  in  ca- 
nals under  ground.  Fig.  271  shows  a  perspective  view  of  a  plun 
doable  furnace  &om  tlie  chimney,  with  the  charging  door  of  the 
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stove.    This  may  be  a  sliding  door,  or  a  common  me  b 

on  tiinges ;  but  it  must  be  hollow  so  as  to  be  lined  with  firebiick: 

The  conBtmctioQ  of  a  sliding  door  is  shown  in  fig.  272.    ft  is 
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formed  of  a  cast-iron  box,  lined  with  firebrick,  whioh  are  fiitnlj 
fastened  in  it  by  iron  wedges.  A  work-door  of  the  fiimaoe 
which  is  represented  in  the  drawing,  is  ganer> 
ally  24  inches  wide,  and  26  inches  high,  and 
S^  inches  deep.  The  aperture  is  wid^  on  the 
inside  of  the  side  which  is  sfaown,  than  oQtside, 
60  as  to  afford  sufficient  room  for  the  tools. 

Most  of  the  machinery  in  the  iron  works  is 
driven  by  steam  engines ;  and  as  a  considera- 
ble quantity  of  waste  heat  is  furnished  by  pud- 
dling furnaces,  that  is  applied  to  steam  boilers 
for  the  generation  of  steam.  A  variety  of  plans  are  proposed  for 
tbb  purpose ;  in  fact,  it  is  not  difficult  to  advise  a  plan  for  the 
effectual  use  of  the  waste  heat,  particularly  where  the  grate  is  sup- 
plied by  blast.  The  most  approved  method  appears  to  be  to  lo- 
cate the  steam  boiler  above  the  flue,  or  the  stove,  and  conduct 
the  heat  along  the  boiler,  and  thence  to  the  stack.  The  engrav- 
ing, fig.  273,  shows  a  section  of  such  an  arrangement,  which  re- 
quires no  further  description.  In  other  instances  the  waste  heat 
is  conducted  in  flues  directly  from  the  furnace  to  the  boilers, 
which  are  set  iu  the  common  way,  and  on  the  same  level  with 
the  puddling  furnace ;  in  this  instance  no  stoves  are  used.  Aiter 
having  given  thus  far  the  general  forms  of  puddling  furnaces,  we 
may  proceed  to  the  description  of  the  operation  itself,  which  we 
will  divide  into  two  branches;  that  of  puddling  white-iron,  and 
boiling  gray-iron.     In  practice  we  find  none  of  these  operations 
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perfectly  dooe, — but  it  is  Qeceesaiy  to  describe  hoth  ia  order  to 
sbow  the  distinct  features  of  each,  vliicfa  cannot  be  explained 
vithont  eepuatdng  these  two  operations. 
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PuddUng. — This  operation  is  generally  performed  on  white 
metal,  which  does  not  fuse  perfectlj.  It  ia  performed  also  on 
.gray,  or  very  fusible  metal  equally  as  well ;  and  thus  iar  the 
quality  <^  metal  does  not  exert  any  influence  on  puddling.  It  is 
the  mode  of  operation,  and  the  form  of  the  fiirnace-hearth  which 
determines  either  puddling  or  boiling.  The  following  remarks 
apply  to  crude  iron  ^nerally.  Ab  stated  above,  the  depth  of  the 
bottom  below  the  sill  of  the  work-door,  or  the  worir-bridge,  is 
never  more  than  6  inches,  for  good  white  plate  metal ;  for  impure 
fusible  pig  or  plate,  it  is  often  not  more  than  2  or  3  inches.  In  the 
latter  case  a  strong  iron  bottom  is  required,  for  very  littie  cinder 
remains  on  it  In  puddling,  the  roof  is  noicRen  more  than  1@  in- 
ches and  from  that  to  22  inches  shove  the  bottom. 

A  new  furnace  is  gently  heated  for  some  days  by  a  small  fire, 
so  as  to  prevent  injury  to  the  brick- work;  after  which  the  hearth 
is  cleared  from  all  sand  and  rubbish,  and  a  layer  of  broken  cinder 
mixed  with  hajnmer-slag,  is  spread  3  or  4  inches  deep  over  the 
bottom,  and  gently  sloped  around  the  hearth  towards  the  in- 
walla,  so  as  to  be  at  the  walls  somewhat  higher  than  at  the  work- 
bridge.  In  this  case  the  hearth  is  not  always  surrounded  by  iron 
boshes,   and  it  assumes  the  form  shown  in  fig.  274     To  the 
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cicder  &  strong  heat  iB  imparted,  which  melts  it  and  forms  a  solid 
bed  of  cinder  of  1^  or  2  inches  in  thiokneas  apoa  the  iron  bot- 
tom.   The  iron  is  now  charged,  eithw  £rom  the  store,  when  such 


is  used,  or  the  cold  iron  is  thrown  into  the  furnace,  and  epceftd 
uniformly  over  the  hearth  The  grate  is  supphed  with  fresh  fuel, 
the  grate-bars  cleaned  from  clinkers,  and  the  strongeat  heat  prth 
duced  which  the  furnace  is  capable  of.  The  damper  on  the  U^ 
of  the  chimney  is  drawn  to  its  full  extent,  and  when  blast  is 
used  all  that  the  furnace  will  bear  is  turned  in.  In  good  ^imaoes 
and  with  light  charges  and  the  use  of  a  stove,  10  to  15  minutes 
are  sufficient  for  heating  the  iron.  A  heavy  charge  and  cold 
pigs  require  half  an  hour.  In  a  single  furnace  not  less  than  350 
pounds,  and  from  that  to  550  pounds  of  iron,  form  a  charge ; 
in  a  double  furnace  not  less  than  700,  nor  often  more  than 
1,000  pounds  arc  chained  at  once.  When  the  iron  is  so  heated 
as  to  be  easily  broken  by  the  tools,  the  helper  lifts  the  vari- 
ous pieces  off  the  bottom,  by  means  of  the  paddle  or  ringer — • 
long  crowbar  represented  in  A,  fig.  275.    This  is  provided  at  one 


end  with  a  round  knob.  The  part  which  is  to  be  handled  is  in 
the  form  of  an  octagon.  That  part  which  entera  the  furnace  is 
square,  and  terminates  in  a  chisel-edge.  Fig,  B  shows  a  hook, 
which  is  the  other  tool  of  the  puddler ;  it  is  simply  this  ringer, 
bent  at  the  chisel-end.  These  tools  arc  made  of  square  iron,  1 
inch  or  1^  inch  in  thickness;  and  from  5  to  7  feet  long,  accord- 
ing to  the  width  of  the  furnace.    When  the  hot  metal  is  lifted 
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from  the  bottom,  the  damper  is  lowered,  and  the  blast  shut  off  so 
as  to  reduce  or  oontinue  the  heat  as  it  is  in  the  furnace.  The 
metal  is  now  broken  by  the  hook  into  small  fragments,  which 
are  diligently  moved  so  as  to  mix  and  cover  them  perfectly 
with  cinder.  In  continuing  the  work  thus,  all  the  iron  mixes 
with  the  cinder  in  minute  fragments ;  and  when  so  far  divided, 
the  damper  is  gently  raised,  and  the  fire  urged  by  charging  fresh 
coal ;  meanwhile  the  iron  is  industriously  worked,  so  that  no 
lumps  may  be  formed.  With  the  increasing  heat  the  iron  begins 
gradually  to  adhere  together ;  and  in  less  than  an  hour  from  ijxe 
beginning  it  is  formed  into  small  lumps  of  spongy  iron,  which 
feel  more  or  less  soft  under  the  tool.  At  thLs  time  the  puddler 
turns  the  iron  once  or  twice  rapidly  over  the  bottom,  so  as  to 
heat  it  thoroughly,  when  it  begins  to  form  larger  lumps,  or  balls, 
or  loops,  by  imiting  small  parcels.  K  the  iron  is  uniformly  hot 
and  well  soaked  with  cinder,  it  adheres  easily  together  and  loops 
are  formed  with  great  facility.  If  on  the  contrary  it  is  cold,  or  dry, 
it  does  not  weld  and  must  be  turned  and  exposed  to  heat  until  it 
sticks  together.  Balls  are  now  formed,  of  nearly  a  round  shape ; 
and  when  all  the  iron  is  converted  into  balls  of  from  80  to  120 
pounds  each,  they  are  drawn,  by  means  of  tongs,  from  the  fru> 
nace  and  carried  on  a  car  or  wheelbarrow  to  the  hammer  or 
squeezer,  to  be  formed  into  blooms. 

A  pair  of  tongs  is  represented  in  fig.  276,  suspended  by  a  long 
chain,  &stened  above  the  furnace  to  a  timber  of  the  building. 
The  wagon,  as  shown,  is  constructed  of  bars  of  wrought-iron,  and 
is  run  on  a  flooring  of  cast-iron  plates. 

With  ordinary  attention  a  heat  may  be  worked,  on  an  aver- 
age, within  1|  hours'  time ;  the  kind  of  metal  used  has  no  influ- 
ence on  the  time.  But  the  quality  of  iron  made  depends  entirely 
on  the  quality  of  the  metal  used.  When  any  improvement  in 
quality  is  contemplated,  a  method  of  proceeding  which  inclines 
the  metal  to  boiling,  is  adopted.  This  requires  more  time  and 
labor  than  the  puddling  described  above.  In  puddling,  the  ob- 
ject is  fast  work ;  and  this  is  accomplished  by  using  only  a  little 
cinder  and  commencing  the  work  on  the  iron  at  a  low  heat,  in- 
creasing it  gradually  as  the  operation  proceeds.  Weak  metal 
will  bear  but  little  heat  and  little  cinder ;  and  if  well  worked  and 
shingled  cold,  will  make  quite  as  fibrous  iron  as  the  best  plate 
iron.  But  such  puddled  iron,  of  weak  metal,  changes  its  nature 
from  fibrous  to  crystallized  iron  when  heated  to  a  higher  degree 
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than  that  by  wbicli  it  has  beeD  puddled.  Good  plate  isron  will 
bear  a  high  heat  throughout  the  whole  operation,  weak  plate  or 
pig  iroa  will  not ;  it  must  be  kept  and  worked  at  a  lower  heat 


Thia  operation  is  managed  on  the  same  principle  as  the  other — 
that  is,  the  heat  is  gradually  increased  from  the  beginning  to  the 
end.  The  welding  heat  on  the  balls  of  weak  iron  is  not  as  high 
as  that  on  iron  of  good  metal.  In  all  cases  where  puddling  is 
contemplated  it  is  advisable  to  chill  the  cast-iron,  no  matter  if 
puddled  directly  from  the  blast-furnace,  or  if  refined.  Gray  iron, 
or  tempered  metal — that  is,  metal  cast  in  dry  sand  or  coal-dust — 
does  not  puddle  well ;  and  whitened  or  chilled  iron  is  not  suitable 
for  boiling. 

Boiling. — In  puddling,  it  is  a  leading  point  to  work  with  only 
a  httle  cinder  in  the  furnace ;  but  in  boiling  the  reverse  is  the 
case — the  larger  the  proportion  of  cinder  to  the  iron,  the  more 
advantageous  is  the  result.  In  consequence  of  this,  the  operation 
of  boiling  is  prnctised  to  a  limited  extent,  because  the  necessary 
supply  of  good  cinder  cannot  always  be  obtained.  In  thia  opera- 
tion we  are  thus  enabled  to  make  good  iron  always,  from  any 
kind  of  metal,  provided  good  cinder  is  in  the  furnace.  Where 
good  charcoal  plate  iron  is  puddled,  a  sufficient  quantity  of  good 
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dnder  can  always  be  obtained  &om  one  puddling-fumace  to 
supply  a  boiliDg-fumace,  if  the  metal  to  be  boiled  ia  of  a  good 
quality.  BoUing  ia  ohieflj  done  to  improve  quality ;  it  will, 
wben  properly  performed,  be  always  productiTe  of  a  better  iron 
tban  puddling.  The  bottom  of  a  boiling-furnace  is  started  and 
Qrepared  in  a  manner  similar  to  that  of  a  puddling-fumace,  with 
the  only  difference  that  a  larger  quantity  of  cinder  is  thrown  into 
the  fiirnace  at  once.  Instead  of  2  inches,  at  least  4  inches  in 
thickness  of  solid  cinder  should  be  put  on  the  iron  bottom  of  the 
hearth.  The  bottom  is  for  these  reasons  lower,  but  not  deeper 
than  12  inches  beneath  the  work-plate  of  the  door.  These  fur- 
naces must  be  of  necessity  furnished  with  iron  boshes,  no  matter 
whether  Suxes  are  used  or  not ;  for  the  cinder  is  generally  so 
fusible  as  to  dissolve  stones,  fire-bricks,  or  any  other  substance 
rapidly — cold  iron  will  resist  its  influence.  When  the  cinder  in 
a  furnace  ia  properly  melted,  so  as  to  form  an  impenetrable  layer 
for  the  molten  iron,  it  is  pushed  by  means  of  a  long  hook,  around 
the  hearth  towards  the  boshes,  and  cooled  so  far  as  to  stick  to 
them.  The  hearth  forms  now  a  concave  mould,  similar  to  that 
represented  in  fig.  277.    In  charging  the  pig-iron  either  firom  the 


www^^ 


Btove,  or  cold,  it  is  not  distnbuted  over  the  whole  hearth,  but 
more  closely  piled  together  so  that  the  slag  may  be  heated  before 
any  melted  iron  touches  it;  and  m  order  to.  heat  bottom  and 
iron  uniformly,  the  latter  is  frequently  moved  about  while  it  is 
heating.  At  least  20  minutes  are  required  for  good  pig-iron  be- 
fore the  proper  heat  for  work  is  obtained ;  for  impure  authracite 
iron,  or  coke  iron,  half,  and  in  some  kinds  of  fiimaces  three-quar- 
ters of  an  hour.  The  mode  of  chaining  the  iron  has  a  peculiar 
influence  on  its  quality,  and  necessarily  on  the  quantity.  Our 
own  experience  has  led  us  to  the  conclusion  that  good  metal,  or 
in  fkct  that  for  puddling,  may  be  distributed  over  the  whole 
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hearth,  so  as  to  work  liot  iron  in  cold  cindet.  When  the  boiling 
is  to  be  carried  out  /to  perfection,  cold  iron  onght  to  be  worked 
in  hot  cinder.  These  expresEnons,  of  cooise,  most  be  nnderstood 
comparatiTely.  WbeD  all  attempts  to  make  good  iron  of  verr 
bad  or  impure  metal  have  Jailed,  it  maj  be  done  sooceasfhllj  if 
the  iron  is  closely  piled,  and  the  iumace  strongly  heated  befoae 
the  work  is  started.  We  never  faUed  to  obtain  first-rate  iron, 
provided  the  cinder  was  of  suitable  quality  and  qnanttty,  when 
the  {Hgs  were  charged  in  the  manner  represented  in  fig.  278.     In 


this  case,  the  flue  must  be  contracted  to  its  narrowest  limit^  bo 
as  to  cause  the  furnace  to  work  slow  and  the  heat  on  the  pigs 
continued  until  they  are  all  melted  down  without  being  moved. 
This  melting  requires  generally  a  long  time.  The  operation  ia 
not  a  practical  one,  for  it  causes  slow  work  and  a  large  waste  of 
iron  ;  but  the  quality  produced  may  be  depended  on.  The  man- 
ner in  which  the  iron  is  charged  is  not  therefore  a  matter  of 
indifference,  or  whether  it  is  turned  while  melting  or  not  In 
boiling,  it  must  be  a  leading  object  to  heat  the  cinder  in  the  bo^ 
torn  before  the  iron  becomes  heated  so  as  to  melt.  The  melting- 
in  is  therefore  slower  and  more  laborious,  in  boiling  than  in  pad- 
dhng.  The  chief  object  in  boiling  ia  to  obtain  good  quahty  from 
inferior  pig-iron ;  and  as  this  necessarily  requires  a  large  portion 
of  iron  to  be  converted  into  cinder,  the  roof  of  the  furnace  is 
raised  higher.  It  is  from  24  to  28  inches  above  the  bottom,  so 
that  the  iron,  either  in  melting  or  balling,  is  less  affected  by  the 
fiame. 

In  this  operation  the  iron  ought  to  be  perfectiy  fluid  when 
the  work  commences.  The  damper  is  then  closed,  and  the  beat 
of  the  furnace  retained  at  the  melting-point ;  fresh  coal  may  be 
charged  at  this  time  so  as  to  exclude  the  access  of  &esb  air  to  the 
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iron.  The  mass  of  iron  and  cinder  is  now  diligently  stirred ;  and 
when  all  the  iron  ia  perfectly  dissolved,  some  moistened  hammerr 
slag,  or  artificial  fluxes  are  thrown  in,  while  the  tools  are  used  in 
a  timely  manner.  These  substances  should  be  introduced  in 
small  quantities  at  a  time.  About  a  handful  of  hammer-slag  is 
taken  in  a  small  dish  or  scoop,  such  as  is  representeii  in  fig.  279, 
and  thrown  into  the  furnace  at  the  work-door. 
This  operation  is  continued  until  the  iron  be-  * 

gins  to  boil,  that  is,  rises  or  ferments.  At  a 
certain  time,  or  after  a  certain  quantity  of  flux 
is  thrown  in,  the  cinder  rises;  and  then  no  \     'k 

more  hammer-slag  is  required,  for  it  will  work  \ 

its  way  without  it  The  mass  is  supposed  to  rise  up  to  the  work- 
plate,  so  that  no  cinder  may  flow  fi:om  the  furnace  through  the 
door ;  and  then  the  fire  is  stirred  and  the  damper  drawn  very 
little,  merely  to  increase  the  heat  slowly.  If  heat  is  now  too 
rapidly  applied,  the  cinder,  which  shows  a  slimy  consistence,  is 
melted  and  falls  down,  and  the  fermentation  or  boiling  is  at  an 
end ;  little  and  weak  iron  is  the  consequence.  The  heat  should 
be  raised  very  slowly,  by  diligent  work  with  the  tools.  Soon 
after  the  cinder  rises  to  the  work-bridge,  white  specks  of  iron  ap- 
pear on  its  surfece  and  disappear  quickly ;  by  degrees  groups  of 
such  particles  appear  in  a  rolling  motion  on  the  surface  of  the 
cinder,  and  as  quickly  disappear.  The  iron  is  now  in  small  crys- 
tals, which  float  in  the  cinder ;  they  are  lifted  to  the  surface  by 
carbonic  oxide — which  is  formed  of  the  oxygen  of  the  cinder  and 
the  carbon  of  the  iron — and  the  gas,  when  discharged,  restores 
the  iron  to  its  full  gravity,  and  it  descends  again.  We  may  here 
remark,  that  with  gray  iron  and  a  moderate  heat,  blue  flames  of 
carbonic  oxide  appear  at  the  surface  of  the  cinder ;  with  white 
iron,  no  matter  how  much  carbon  it  may  contain,  no  flames  are 
visible ;  and  we  suppose  that  in  this  case  carbonic  acid  is  formed. 
When  the  heat  is  high  on  gray  iron  and  much  hammer-slag  is 
used,  no  flames  are  formed — the  gas  fjx)m  below  the  cinder  ap- 
pears and  disappears  without  them.  It  is  remarkable,  that  from 
equal  qualities  of  pig-iron,  the  metal  obtained  when  flames  are 
formed  is  generally  of  a  better  quality  than  that  produced  with- 
out them.  Shortly  after  the  iron  has  thus  risen  to  the  surface  of 
the  cinder  and  imder  the  influence  of  an  increasing  heat,  the  quan- 
tity of  carbon  in  it  is  exhausted,  and  the  fermentation  ceases ;  the 
cinder  falls  down  to  the  bottom  and  exposes  the  iron  in  a  spongy 
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mass,  honey-combed,  to  the  influencse  of  the  heat  This  iron 
would  soon  weld  together  into  one  mass,  if  not  prevented  by  the 
workmen.  It  is  therefore  industriously  turned  about,  broken 
into  small  parcels,  and  exposed  on  all  sides  to  the  heat  When 
thoroughly  hot  it  is  formed  into  balls,  withdrawn  from  the  fiir- 
nace,  and  shingled  into  blooms. 

Boiling  requires  more  time  than  puddling;  a  heat  cannot  be 
finished  in  less  than  2  hours,  unless  the  pig-iron  is  very  good 
and  cinder  abundant  It  requires  more  labor  and  more  fuel  than 
puddling.  But  by  boiling,  as  good  iron  can  be  produced  as  in 
the  best  charcoal-forge,  with  more  regularity,  certainty,  and  uni- 
formity. As  good  yield  can  never  be  obtained  in  a  refining  opera- 
tion, as  in  boiling.  The  same  kind  of  pig-iron  which  will  yield 
but  80  per  cent,  in  the  charcoal-forge,  or  as  much  in  being  refined 
and  puddled,  will  furnish  with  equal  ease  95  per  cent,  of  good 
iron  in  boiling.  '  Some  of  the  forges  yield  in  boiling  charcoal  pig, 
from  95  to  97  per  cent  on  an  average ;  others  only  90.  Anthra- 
cite iron,  from  85  to  90  per  cent.  Coke  pig  is  generally  run 
through  the  finery,  and  the  yield  in  blooms  may  amount  to  80 
pounds  from  100  pounds  of  pig.  In  the  Western  States  bitumi- 
nous coal  is  chiefly  used  in  puddling- furnaces,  and  no  blowers  are 
applied.  The  use  of  coal  there  is  about  one  ton  to  the  ton  of  iron 
produced.  In  the  Eastern  States  the  blower  is  used  throughout, 
either  for  bituminous  or  anthracite  coal ;  and  the  consumption  of 
coal  is  not  often  above  1800  pounds  to  a  ton  of  iron — ^firequently 
as  low  as  1600,  and  even  1300  or  1400,  in  good  furnaces  and 
with  good  pig-iron. 

General  JRemarks, — The  best  method  in  practice  for  working 
cheap,  is  to  multiply  the  kinds  of  pig-iron,  either  for  the  charcoal- 
forge  or  for  the  puddling-furnace.  The  same  point  is  important 
here  as  at  the  smelting-furnaces  with  ores  and  fluxes ;  the  greater 
the  number  of  the  different  kinds,  the  better  for  success.  It  will 
not  be  necessary  to  state  why  it  is  so ;  this  has  been  done  already. 
When  various  kinds  of  pig-iron  are  at  disposal,  they  work  best 
when  all  of  them  are  mixed  together  in  certain  proportions. 
Such  a  mixture  works  faster,  produces  better  iron,  and  yields 
more  than  a  single  kind.  In  order  to  enjoy  these  advantages, 
forges  and  rolling-mills  should  be  separated  from  the  blast-fur- 
naces. The  principle  is  so  far  a  leading  one  in  metallurgy,  that 
some  operations — copper  smelting,  for  example— cannot  be  car- 
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ried  on  to  advantage  without  it.  It  is  of  most  importance  in 
manufacturing  iron. 

Pure  iron  is  not  the  strongest;  but  that  which  contains  the 
smallest  amount  of  a  certain  kind  of  impurities,  is  the  best  in  all 
instances.  Steel,  deprived  of  its  carbon  and  other  substances,  is 
the  strongest  iron.  First  quality  of  German  steel  consists  of  (I) 
98*06  iron,  1*94  carbon,  a  faint  trace  of  sulphur,  silicon,  and  cop- 
per. The  best  English  cast-steel  consists  of  (11)  93*80  iron,  1*43 
carbon,  1*00  sulphur,  1*92  manganese,  *52  silicon,  '93  arsenic,  '12 
antimony,  '18  nitrogen,  and  a  trace  of  tin.  The  best  Swedish 
iron,  of  which  this  steel  is  made,  consists  of  (IH)  98*78  iron,  '84 
carbon,  '12  silicon,  -02  arsenic,  *07  copper,  '05  manganese.  Bar- 
iron  from. Wales,  good  quality,  contained  (IV)  98*90  iron,  '41 
carbon,  '40  phosphorus,  *08  silicon,  and  *04  manganese.  Very 
strong,  compact,  common  charcoal  iron  (V)  99*13  iron,  '66  carbon, 
•29  manganese,  '05  copper,  and  a  trace  of  silex.  When  we  ex- 
amine some  kinds  of  crude  iron,  we  detect  the  cause  of  imperfec- 
tions which  are  found  in. the  wrought-iron  manufactured  of  it, 
A  first-rate  crude  white  iron,  of  which  the  best  German  iron  is 
made,  consists  of  (VI)  95*20  iron,  2*91  carbon,  1*79  manganese, 
•08  phosphorus,  '01  sulphur,  and  *001  silicon.  White  crude  iron 
from  the  same  kind  of  spathic  ore,  but  smelted  for  the  manu£Eto- 
ture  of  steel,  contained  (VII)  89*71  iron,  5*14  carbon,  4*50  man- 
ganese, '56  silicon,  '08  phosphorus,  *002  sulphur.  A  gray  coke, 
cast-iron,  well  qualified  for  the  foundry,  contained  (VIII)  iron 
94*63,  carbon  2*60,  silicon  1*53,  manganese  *50,  phosphorus  '89, 
and  sulphur  *35.  Gray  Scotch  pig,  Clyde,  contained  (IX)  iron 
92*30,  carbon  2*20,  silicon  2*80,  phosphorus  1*30,  sulphur  1'40. 
In  comparing  Uie  composition  of  hot-blast  and  cold-blast  iron,  we 
obtain  a  still  more  comprehensive  insight  into  the  nature  of  the 
refining  process.  No.  2  charcoal  iron,  smelted  by  cold-blast,  con- 
tained (X)  93*29  iron,  4*77  carbon,  '71  silicon,  1*23  phosphorus. 
The  same  ore  and  flux,  smelted  by  charcoal  and  hot-blast  of  470°, 
(XI)  91*42  iron,  4*15  carbon,  3*21  silicon,  1*22  phosphorus. 

In  these  notices  of  assays  we  have  neglected  to  allude  to  the 
difference  which  exists  in  crude  iron,  in  consequence  of  having 
carbon  chemically  combined,  or  as  a  mechanical  admixture ;  be- 
cause we  may,  by  cooling  the  melted  iron  suddenly,  convert 
almost  all  the  carbon  into  chemically  combined  carbon.  In  tem- 
pering, for  instance,  the  white  of  assay  VII,  which  has  all  its  car- 
bon chemically  combined,  we  may  convert  that  into  a  mechanical 
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admixture*    However  little  difference  it  appears  to  make  in^re- 
fining  iron,  whether  the  carbon  is  chemically  or  mechanically  eator 
bined,  yet  it  has  some  influence  on  the  operation.    All  substances 
which  are  in  a  chemical  combination,  or  simply  dissolyed  in  aor 
other,  form,  when  oxidized,  the  highest  oxid^  which  can  exist 
in  atmospheric  air.    This  is  the  case  with  all  the  metals  dissoly- 
ed in  sulphur,  or  any  other  substance,  even  in  metals  them- 
selves;  and  in  fact  it  appears  to  be  a  general  law  of  nature. 
Carburetted  hydrogen  always  forms  carbonic  acid  and  water — 
never  carbonic  oxide  and  water,  when  burning  in  the  air.    I^ 
therefore,  we  melt  iron  in  the  presence  of  oxygen  which  contains 
carbon  in  solution,  whether  it  is  white  or  gray,  if  melted  at  a 
high  heat  carbonic  acid  is  formed.    Thus  it  happens  we  do  not 
see  blue  flames,  when  white  or  gray  iron  is  boiled  at  a  high 
heat    This  circumstance  has  a  favorable  influence  on  the  re- 
fining operation,  provided  the  iron  is  free  from  silicon  or  nearly 
so,  because  it  accelerates  the  removal  of  carbon ;  but  when  silicon 
is  present,  the  case  is  different   We  omit  here  to  speak  of  sulphur, 
phosphorus,  and  other  substances,  because  these  belong  of  neoea* 
sity  to  the  class  of  chemically  combined  matter.    Carbon  has  yery 
little  affinity  for  oxygen  at  low  temperatures ;  and  in  the  form  of 
graphite,  in  which  it  is  contained  in  gray  iron,  it  requires  a  high 
heat  to  combine  with  it     But  when  heated  to  a  white  heat,  it 
surpasses  all  other  substances  in  affinity  for  oxygen.     In  that 
condition  it  will  deprive  silex,  sulphur,  phosphorus,  and  all  the 
metals  of  their  oxygen,  or  will  prevent  their  oxidation.     From 
this  we  easily  may  draw  the  conclusion,  that  impure  white  iron- 
such  as  hot-blast,  coke,  and  anthracite  iron,  cannot  furnish  good 
bar-iron  when  it  is  melted  in  presence  of  oxygen,  because  the 
dissolved  carbon  will  absorb  the  oxygen  before  other  substances 
are  supplied  and  removed ;  and  as  the  iron  is  thus  deprived  of 
the  best  and  most  harmless  means  of  fusibility,  it  crystallizes  with 
a  portion  of  chemically  combined  impurities,  and  forms  short 
iron.     The  best  means  to  refine  such  impure  iron  is  to  melt  it  at 
a  low  heat,  and  in  the  presence  of  carbon  and  cinder — such  as  the 
charcoal-forge  affords — so  as  to  retain  the  carbon  until  the  other 
impurities  are  removed,  and  then  expel  it.     This  is  the  leading 
principle  in  practice  with  all  iron  which  contains  carbon  in  chemi- 
cal union.    It  may  be  worked  in  the  charcoal-forge,  the  finery, 
or  by  the  various  modes  of  puddling.    The  only  means  of  suc- 
ceeding in  removing  any  injurious  impurities  is  to  retain  the 
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melted  condition  of  such  iron  by  carbon,  so  as  to  afford  these  im- 
purities an  opportunity  to  be  oxidized  and  removed.  For  these 
reasons  impure  iron  should  find  a  hot  bottom,  and  all  cooling  in- 
fluences should  be  removed.  In  practice  this  cannot  be  observed, 
because  of  the  expenditures  in  labor  and  materials. 

The  foregoing  theory  is  not  only  correct  when  applied  to 
white  iron,  but  also  gray  iron ;  yet  as  the  carbon  in  gray  iron  is 
not  so  combustible  as  it  is  in  white  iron,  we  always  succeed  better 
in  removing  impurities  from  the  former  than  from  the  latter. 

This  explanation  shows  clearly,  why  "all  attempts  have  proved 
unprofitable  to  refine  hot  melted  iron  as  it  comes  from  the  blast- 
furnace. The  carbon  in  iron  which  is  so  hot  as  when  it  comes 
from  the  blast-ftimace,  is  chemically  combined,  and  consequently 
very  combustible.  It  is  consumed  before  the  other  foreign  mat- 
ter is  removed ;  and  when  the  crude  iron  is  impure  and  deprived 
of  its  carbon,  no  strong  wrought-iron  can  be  expected. 

We  see,  therefore,  the  principle  on  which  refining  ought  to 
be  conducted.  In  all  cases  of  pure  crude  iron,  we  may  work 
white  iron  at  a  high  heat,  so  as  to  gain  on  time  and  fuel,  and 
work  on  a  cold  bottom.  The  latter  expression,  of  course,  refers 
only  to  a  dry  bottom,  or  little  cinder.  Impure  iron — such  as  all 
hot-blast  iron,  anthracite  and  coke  iron — ^should  be  gray,  and 
melted  on  a  bottom  with  much  cinder,  so  that  the  impurities 
may  be  oxidized  by  the  oxygen  of  the  cinder,  and  absorbed  by 
its  alkali  before  carbon  is  removed.  This,  of  course,  requires  in 
many  instances  very  much  cinder,  and  that  of  an  alkaline  con- 
stitution. White  impure  iron  cannot  form  pure  strong  wrought- 
iron,  because  it  is  infusible  before  the  impurities  are  removed. 

In  practice,  we  follow  exactly  the  rules  which  may  be  drawn 
from  the  foregoing  theory.  The  best  iron  is  made  in  charcoal 
fires  which  are  surrounded  by  bad  conductors  of  heat — such  as 
stones  or  brick ;  and  a  lining  of  carbon  is  used  over  them,  so  as 
to  prevent  the  contact  of  the  metal  with  these  in-walls.  A  little 
iron  is  worked  at  a  time,  and  much  coal  is  consumed.  Charcoal 
fires,  surrounded  by  iron  linings,  require  good  white  plate-iron 
although  they  work  better  with  gray-pig.  White  and  plate-iron, 
is  worked  to  more  advantage  in  a  puddling  than  in  a  boiling  fur- 
nace.    Gray  iron  only  can  be  boiled. 

Since  boiling  must  be  considered  as  the  most  profitable 
operation,  and  preferable  to  either  the  charcoal  forge  or  the  pud- 
dling-fumace,  and  since  white  iron  is  not  suitable  for  this  pur 
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pose ;  and  since  further,  any  white  iron  m%y  be  converted  into 
gray  iron  by  tempering  or  annealing,  the  question  naturally  ariaeB 
if  it  would  not  be  profitable  to  temper  all  pig-iron  before  refining 
or  boiling  it.  This  is  actually  done  in  many  instances  where 
pure  fibrous  iron  is  demanded.  In  some  parts  of  Europe,  first 
quality  of  white  cast-iron  is  converted,  by  chilling  it  in  a  similar 
manner  as  crude  copper,  into  thin  plates ;  these  are.  piled  with 
small  charcoal  in  a  kind  of  bake-oven,  and  exposed  to  a  gentle 
red  heat  for  some  days.  The  white  crude  iron  is  thus  tempered, 
and  found  to  be  gray  after  that  operation ;  it  then  forms  in  re- 
fining an  extremely  soft,  malleable,  and  fibrous  iron — while  when 
refined  from  the  white  plates  it  forms  a  strong,  but  a  hard  iron, 
of  the  nature  of  steel.  This  tempering  is  partially  performed  in 
the  stove  of  a  puddling-furnace,  and  when  properly  attended  to 
it  is  of  good  service.  A  stove  ought,  therefore,  never  to  heat  the 
iron  so  far  as  to  melt  it,  or  even  to  cause  it  to  show  signs  of  melt- 
ing ;  and  in  order  to  enable  the  carbon  and  other  matter  to  sepa- 
rate &om  the  chemical  union  with  iron,  it  ought  to  be  at  least 
red-hot.  A  stove  must  be  close  so  as  to  prevent  the  access  oJ 
fresh  air ;  and  if  the  pigs  could  be  bedded  in  anthracite  dust,  and 
still  heated  to  the  necessary  degree,  the  operation  would  be  more 
perfect.  As  it  requires  a  heat  of  some  days  in  length  to  convert 
white  cast-iron  by  these  means  into  gray  iron,  a  stove  can  per- 
form that  operation  but  very  imperfectly ;  still,  it  adds  something 
to  the  success  when  the  iron  is  exposed  to  a  red  heat  for  one  or 
two  hours.  All  arrangements  by  which  it  is  intended  merely  to 
melt  the  iron  previous  to  puddling,  and  thus  to  operate  on  it,  are 
unprofitable.  The  solid  iron  should  be  charged  to  the  puddling- 
furnace,  or  the  forge,  or  finery. 

Wrought-iron  is  only  a  mechanical  admixture  of  iron  and 
foreign  matter ;  it  may  contain  a  larger  amount  of  the  latter  than 
even  cast-iron,  and  be  still  very  malleable  and  ductile.  But  an 
essential  condition  is  that  all  the  impurities  should  be  free,  with- 
out any  part,  or  at  least  only  a  small  part  of  it,  in  chemical  com- 
bination with  the  iron.  This  distinguishes  it  from  cast-iron  and 
from  steel.  Wrought-iron  may  contain  any  amount  of  silex  and 
be  perfectly  malleable,  but  it  should  not  contain  any  silicon,  or 
little  of  it,  or  silex  and  carbon ;  for  the  latter  will  reduce  the  first, 
and  cause  it  to  combine  with  iron  again.  On  this  principle  we 
must  be  enabled  to  form  malleable,  or  wrought-iron,  by  mere  ex- 
posure to  heat  and  oxygen ;  this  operation  is  practised  at  present 
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very  extensively.  When  cast-iron  is  imbedded  in  chalk,  or  car- 
bonate of  lime — or  any  carbonate  which  does  not  melt  at  a  red 
heat — and  is  exposed  to  a  red  heat  for  a  few  days,  the  previously 
brittle  cast-iron  becomes  perfectly  malleable.  If  this  iron  is 
again  heated  for  a  shorter  time  in  oxide  of  iron,  it  is  converted 
into  white  malleable  iron,  and  may  now  be  welded  and  drawn 
out  like  wrought-iron.  Cast-iron  which  has  been  exposed  to  a 
red  heat  for  a  long  time  in  the  presence  of  carbon — as  in  gas  re- 
torts— is  malleable,  however  impure. 

Good  wrought-iron  should  be  as  free  from  foreign  matter  as 
possible,  notwithstanding  that  impure  iron  may  be  very  strong 
and  perfectly  malleable ;  for  all  this  kind  of  iron  is  expected  to 
resist  heat  in  the  presence  of  carbon,  without  being  essentially 
altered.  This  latter  condition  is  not  complied  with  in  impure 
iron ;  it  either  becomes  brittle  or  rotten,  after  being  repeatedly 
heated.  Of  all  the  foreign  admixtures  to  iron,  silicon  adheres 
the  most  tenaciously  to  it,  and  causes  it  to  be  brittle.  The 
amount  of  this  substance  is  particularly  large  in  coke,  in  anthra- 
cite, and  in  all  hot-blast  iron.  It  reaches  from  3  to  4  per  cent,  in 
most  of  the  latter  kinds  of  pig-iron.  Almost  all  other  impurities 
of  iron  may  be  evaporated  in  the  heat  of  the  furnaces  and  cause 
no  other  loss  than  the  amount  present  in  the  metal,  or  the  impu- 
rities are  converted  into  acids  and  absorb  but  little  of  the  metallic 
oxides.  It  is  not  so  with  silicon,  neither  in  its  metallic  state,  nor 
when  oxidized  to  silica.  If  it  is  volatile,  it  will  resist  any  amount 
and  intensity  of  heat..  Silica  is  composed  of  48*04  silicon,  and 
51*96  oxygen  in  100  parts.  Crude  iron,  therefore,  which  con- 
tains 4  per  cent,  of  silicon,  will  form  at  least  8  parts  of  silica ;  and 
that  which  contains  3  per  cent.,  at  least  6  parts  of  silica.  The 
latter  amount  occurs  in  every  kind  of  hot-blast  iron.  In  refining 
iron,  the  amount  of  silica  absorbed  by  the  slag  is  in  proportion 
to  the  capacity  of  that  slag  for  silica ;  and  as  the  quality  depends 
on  the  absence  of  silica  and  other  substances,  the  cinder  with 
which  the  melted  iron  is  brought  in  contact  ought  to  contain 
little  of  it,  so  as  to  have  a  strong  capacity  for  absorbing  that 
substance. 

Cinder  by  which  a  first-rate  quality  of  Swedish  iron  is  pro- 
duced, contains  only  from  7  to  8  parts  of  silica  in  100  parts ; 
and  if  all  the  metallic  bases  must  be  furnished  by  the  pig-iron, 
not  much  can  be  left  of  ho^blast  iron,  for  it  represents  nearly  the 
composition  of  such  cinder.     Assuming  4  per  cent  of  silicon  to 
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be  present  in  pig-iron,  it  is  equal  to  8*3  silica ;  if  it  is  saturated 
to  the  above  degree  with  protoxide  of  iron,  it  requires  71*8 
pounds  of  metallic  iron  for  forming  so  much  protoxide.  Of  100 
pounds  of  pig-iron  there  are  left,  therefore,  91-7 — 71*8  =  20*4 
pounds,  which  may  be  converted  into  good  wrought-iron.  Cinder 
from  good  common  charcoal-forge  iron,  contains  22  parts  of  silioa 
in  100  parts  of  slag ;  this  would  afford  88  pounds  of  good  char^ 
coal  iron  from  100  pounds  of  hot-blast  pig-iron.  Good  puddling 
cinder  is  of  a  similar  composition  as  the  latter ;  it  contains  from 
28  to  80  per  cent  of  silica.  This  shows  clearly  that  in  refining 
impure  or  hot-blast  iron,  either  a  large  quantity  of  sUicon  must 
remain  in  tte  iron,  or  great  loss  must  follow  from  its  removaL 

In  order  to  save  iron  and  still  remove  foreign  matter  from  it^ 
fluxes  are  used,  or  such  substances  as  will  combine  with  its  im* 
purities.  Of  all  the  various  forms  of  working,  the  puddling-fui^ 
nace,  together  with  the  boiling  operation,  is  the  most  suitable  and 
effective  for  the  application  of  such  fluxes.  The  number  of  mifc- 
terials  which  may  be  thus  applied  is  very  great,  so  far  as  theory 
indicates ;  but  very  limited  in  practice.  The  mode  of  applioa* 
tion  is  similar  in  all  instances ;  the  fluxes  are  either  charged  with 
the  pig-iron,  or  after  that  is  melted.  They  may  be  also  divided, 
and  partly  charged  with  the  cold  pigs,  and  another  part  thrown 
in  when  these  are  melted.  The  kinds  of  fluxes  which  may  be 
and  are  used,  are  forge  cinder,  hammer-slag,  squeezer  cinder,  and 
pulverized  magnetic  ore ;  these  are  the  most  common.  A  large 
part  of  them  is  always  charged  with  the  pig-iron,  forming  a  layer 
for  the  latter.  Hammer-slag  is  generally  thrown  in  when  the 
iron  is  melted,  after  having  been  well  mixed  with  the  hot  slag. 
The  governing  principle  thus  in  operation,  is  the  oxidization  of 
silicon  by  the  fluid  slags.  Hammer-slag,  or  magnetic  ore,  fur- 
nishes oxygen  too  freely  to  silicious  iron ;  and  for  these  reasons 
it  is  reserved  until  the  iron  is  thoroughly  mixed  with  the  melted 
slag.  Water  is  also  used  at  this  time ;  it  cannot  form  a  flux,  it 
merely  furnishes  oxygen  by  being  decomposed,  and  consequently 
does  not  prevent  the  oxidation  of  iron.  In  addition  to  these 
fluxes,  common  salt  is  used.  This  does  not  saturate  any  silica, 
and  has  no  influence  upon  that  substance,  but  its  presence  causes 
the  slag  to  be  more  fluid ;  and  if  any  phosphates  are  present,  the 
acid  is  driven  off  from  them  by  chlorine.  When  much  chlorine 
is  present,  the  refined  iron  is  rendered  cold-short  by  it ;  this  brit- 
tleness  is  easily  removed  in  reheating.    Such  iron  generally  fonns 
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very  strong  malleable  iron ;  it  is  reheated  and  drawn.  Chlorine 
does  not  remain  in  large  quantities  in  slag,  and  it  is  of  no  use  to 
apply  more  than  a  quarter  of  1  per  cent,  of  the  melted  iron.  The 
presence  of  clay,  or  lime,  causes  it  to  be  more  permanent  than  in 
onion  with  other  matter ;  and  as  lime  is  not  a  good  substance  in 
these  puddling  cinders,  clay  is  preferred  and  mixed  with  the  salt 
Carbonate  of  potash  or  of  soda,  appears  to  have  little  or  no  effect 
on  iron  in  this  instance ;  which  must  be  ascribed  to  its  being 
evaporated  in  the  strong  heat  of  the  furnace.  I  have  melted 
these  substances  together  with  other  good  forge  slags  at  a  low 
heat,  and  used  the  composition  thus  formed ;  but  it  proved  to  be 
of  as  little  use  as  other  modes  of  application.  The  most  effective 
compound  of  this  kind  is  common  salt,  mixed  with  clay  and  a 
little  hammer-slag,  or  iron  ore,  or  black  manganese,  and  exposed 
to  a  red  heat  for  some  hours  in  an  iron  pot,  so  as  to  expel  a  large 
portion  of  chlorine.  The  brownish-red  substance  thus  obtained 
works  exceedingly  well.  It  is  added  to  the  iron  in  small  quan- 
tities at  the  time  when  hammer-slag  is  commonly  applied.  When 
pig-iron  contains  phosphorus,  if  a  small  quantity  of  lime  in  the 
form  of  chalk,  or  pounded-limestone  is  added  to  the  charge  of 
cold  iron,  it  does  no  great  harm — stiU,  the  iron  is  better  without 
it ;  pure  clay  performs  the  same  services,  without  having  any  in- 
jurious effect  on  the  iron.  Black  manganese  is  a  very  good  flux, 
but  in  its  application  to  silicious  iron  much  caution  is  required ; 
it  ftimishes  oxygen  so  readily  that  silicon  cannot  be  oxidized — 
carbon  absorbs  all  the  oxygen.  For  the  same  reasons,  peroxide  of 
iron  cannot  be  employed  to  advantage.  Other  fluxes — such  as 
saltpetre;  oxides  of  metals,  as  those  of  lead,  zinc,  and  others — are 
of  no  practical  use ;  they  are  expensive,  and  do  not  in  the  least 
enhance  the  value  of  iron.  If  any  additions  to  impure  iron  are 
useftd,  they  are  those  of  arsenic,  phosphorus,  or  sulphur,  provided 
they  are  intimately  combined  with  the  crude  iron,  so  as  to  cause 
it  to  retain  its  fluidity  until  silicon  is  removed.  These  substances 
are  easily  driven  off  by  a  little  chlorine,  or  the  addition  of  a  Uttle 
salt  But  thus  to  combine  iron  with  phosphorus,  so  as  to  cause 
it  to  be  fluid,  is  too  expensive,  because  it  requires  remelting  at  a 
low  heat  The  best  means  to  prepare  this  inferior  metal,  in 
which  all  the  impurities  have  been  chemically  combined  in  the 
high  heat  of  the  blast-furnace,  is  to  expose  it  imbedded  in  fine 
charcoal,  coke,  or  anthracite,  or  limestone,  to  a  gentle  red-heat, 
and  oxidize  the  silex  by  these  means.    This  affords  sufficient 
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carbon  for  remelting  in  the'  puddling-fnmace,  and  an  eai^  le^ 
moval  of  silica.  For  ordinary  purposes,  this  operation  is  too 
expensive. 

Steel. — This  modification  of  iron  is,  in  many  respects,  the  most 
interesting  of  all  alloys.  No  metal,  or  alloy,  is  superior  in 
strength  to  steel,  and  very  few  are  harder.  Formerly,  it  was  the 
general  opinion  that  steel  was  only  carbon  and  iron;  reoent 
chemical  examinations  have  shown  that  the  best  cast-steel  con- 
tains a  variety  of  substances,  which  are  considered  essential  to  its 
constitution.  After  what  has  been  said  on  alloys  generally,  and 
on  those  of  iron  in  particular,  it  is  not  difficult  to  understand  the 
relation  in  which  carbon  stands  to  iron ;  and  there  is  no  doubt 
as  to  the  necessity  that  it  should  be  present  in  iron,  in  order  to 
constitute  steel.  It  has  been  decided  by  experiments,  that  iron 
which  is  free  from  other  substances,  and  contains  less  than  *66 
per  cent,  of  carbon,  does  not  assume  that  hardness  which  distin- 
guishes steel ;  it  forms  hard  iron.  From  14  to  2*8  per  cent  of 
carbon  appears  to  be  the  other  extreme;  when  iron  contains 
more  than  that  amount  of  carbon,  it  becomes  porous  and  brittle, 
and  is  cast-iron.  We  find,  so  far  as  carbon  is  concerned^  that  iron 
with  less  than  '65  per  cent  of  carbon  is  wrought-iron ;  from  that 
to  2*3  per  cent  of  carbon,  forms  steel ;  and  when  the  quantity  of 
carbon  is  larger,  the  metal  is  considered  cast-iron.  There  are 
other  substances  which  impart  hardness  to  iron,  and  perform  in 
that  respect  a  similar  office  to  carbon.  Steel  which  is  peculiarly 
elastic,  Brescian-steel,  consists  of  (I)  98*06  iron,  1*94  carbon,  and 
faint  traces  of  sulphur  and  silicon.  A  German  steel,  equally  as  suit- 
able for  cutlery  and  edge-tools,  contains  (II)  97*88  iron,  1-70  car- 
bon, *04  silicon,  -38  copper,  and  traces  of  sulphur  and  tin.  Common 
English  cast-steel,  contains  (III)  97*94  iron,  1*72  carbon,  -22  silicon, 
•07  copper,  '02  manganese,  *007  arsenic.  It  has  been  shown  in 
page  575,  assay  11,  that  the  best  cast-steel  contains  the  smallest 
amount  of  iron — 93*80 — and  also  a  small  amount  of  carbon,  1*48  ; 
but  a  large  number  and  amount  of  other  substances.  The  assays 
I  and  II,  are  of  German  steel,  made  in  the  charcoal-forge  directly 
from  crude  white  iron  smelted  of  sparry  ore.  Assays  11  and  lU — 
page  575 — are  of  converted  cast-steel.  The  wrought-iron  of  which 
the  latter  is  produced,  contains  already  some  of  that  foreign  matter 
which  we  observe  in  the  steel,  and  such  as  carbon,  sulphur,  and 
phosphorus,  in  a  larger  quantity. 

Hardening. — ^Any  substance  which  combines  chemically  with 
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iron,  will  impart  hardness  to  it ;  but  the  presence  of  carbon  is 
required,  in  order  to  produce  that  peculiarity,  softness  after  tem- 
pering, which  we  observe  in  so  high  a  degree  in  steel.  Other 
substances,  which  have  sufficient  cohesion,  produce  a  similar,  but 
weaker,  effect  on  iron  than  carbon,  such  are  sulphur,  or  arsenic, 
and  perhaps  others ;  but  no  other  substance  is  more  available  and 
more  perfectly  suited  for  this  purpose  than  carbon.  When  the 
difference  between  hardened  and  tempered  steel  is  caused  by  car- 
bon, or  any  other  substance,  in  chemical  union,  in  the  hardened, 
and  in  mechanical  admixture  in  tempered  steel,  it  is  evident  that 
this  condition  must  be  dependent  upon  temperature  or  other 
agencies.  German  steel,  manufactured  at  a  high  heat,  requires  a 
white  heat  for  hardening,  and  its  carbon  is  so  firmly  united  to 
the  iron  that  this  kind  of  steel  may  be  welded  to  it  with  great 
fistcility.  Kefined  shear-steel,  which  has  been  much  heated  and 
hammered,  will  bear,  next  to  German  steel,  the  highest  heat  in 
hardening  and  welding.  Ordinary  cast-steel  will  bear  less  than 
shear-steel,  and  is  welded  with  difficulty ;  the  finest  cast-steel 
will  bear  the  least  degree  of  it,  and  cannot  be  welded  to  iron  by 
the  common  process.  This  shows  that  a  large  quantity  of  foreign 
substances  cause  the  steel  to  be  more  ftisible,  and  to  bear  less 
heat  in  hardening.  The  degree  of  heat  by  which  the  chemical 
union  of  carbon  and  iron  is  accomplished  is  therefore  not  per- 
manent— ^it  varies  with  the  fusibility  of  the  metal.  This  we  ob- 
serve as  well  in  cast-iron  as  in  all  other  metallic  alloys.  The 
change  in  the  constitution  of  steel  may  be  produced  at  very  low 
temperatures,  indeed  at  almost  any  temperature.  The  finest  edge, 
and  a  high  degree  of  hardness,  are  produced  by  the  mere  ham- 
mering of  steel ;  and,  if  the  above  theory  of  the  constitution  of 
hardened  and  tempered  steel  is  correct,  the  mechanical  mixture 
of  carbon  and  iron  in  tempered  steel  is  converted  into  a  chemical 
compound  by  mere  compression.  We  recognize  this  fact  in 
drawing  wire,  sheet  iron,  or  in  hammering  iron,  or  any  other  metal 
or  alloy.  In  these  operations  a  large  quantity  of  heat  is  liberated 
by  compression,  which  may  in  some  measure  account  for  the 
metamorphosis ;  but  we  find  that,  when  the  compression  is  very 
rapid,  and  brought  about  by  great  force,  the  phenomenon  attend- 
ing its  application  is  similar  to  that  of  a  strong  heat ;  the  metal 
becomes  extremely  brittle.  The  best  edge,  and  consequently  the 
highest  degree  of  cohesion  and  compactness  in  steel,  is  produced 
by  striking  a  small  bar  of  tempered  steel,  with  a  small  steel  ham- 
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mer,  on  a  cold  polished  steel  anvil,  so  as  to  avoid  any  0OIl8ide^ 
able  or  perceptible  increase  of  heat    If  this  operation  is  perfonxnod 

on  a  square  bar  of  steel,  in  the  manner  represented 
'  in  fig.  280,  by  means  of  a  hammer  of  the  smaUest 

size,  of  one  or  two  ounces  weight,  and  the  comer 
of  the  steel,  thus  compressed,  is  ground  down  ao 
as  to  remove  the  surface  which  has  been  touched 
by  the  hammer,  we  obtain  an  edge  which  cannot 
be  surpassed  for  fineness  by  any  other  means  of 
hardening.  This  shows  that  hardening  may  be 
performed  by  a  variety  of  means,  and  that  heat  is  not  abadutely 
necessary.  The  strong  cohesion  of  the  metal  is  the  cause  of  this 
phenomenon ;  and  by  whatever  means  we  produce  the  doee  con- 
tact of  the  particles  of  metal  and  carbon,  we  secure  hardness. 
These  reflections  serve  to  explain  the  manipulations  which  aie 
employed  in  the  manufacture  of  steel. 

The  common  means  by  which  steel  is  hardened  are  well 
known ;  these  form  no  part  of  our  investigations ;  but  we  may 
remark,  that  it  is  not  so  much  the  degree  of  heat  to  which  steel 
is  exposed,  before  chilling  it,  as  the  difference  of  temperature  be- 
tween the  cooling  medium  and  the  heat  of  the  metal,  together  with 
the  heat-conducting  capacity  of  the  refrigerator.  Experiments 
have  shown  that  little  is  gained  by  substituting  other  fluids  than 
pure  water  for  hardening  steel.  This  is  an  entirely  practical  opera- 
tion :  the  temperature  of  water  may  be  in  all  instances  the  same, 
and  fresh  common  spring  water,  or  river  water,  is  as  good  as  any 
other  fluid.  But,  as  the  liability  of  steel  to  lose  some  of  its  com- 
ponent parts  increases  with  the  heat  to  which  it  is  exposed,  and 
as,  near  its  smelting  point,  it  assumes  the  nature  of  cast-iron,  it  is 
found  necessary,  in  order  to  preserve  its  original  character,  to 
perform  the  hardening  operation  at  the  lowest  possible  heat ;  for 
these  reasons  water  as  cold  as  possible  is  used,  and  as,  by  plung- 
ing the  hot  metal  into  it,  an  atmosphere  of  steam  is  formed  aroimd 
it,  which  is  a  bad  conductor  of  heat,  either  the  metal  or  the  water 
ought  to  be  moved,  to  expose  the  hot  metal  to  renewed  action  of 
the  cold  particles.  The  application  of  acids  or  salts,  for  hardening, 
is  injurious  to  steel,  however  good  conductors  of  heat  such  solu- 
tions are.  Some  of  the  fluid  will  always  penetrate  the  metal  and 
cause  its  decomposition.  The  use  of  oil  or  fat  for  this  purpose  ia^ 
if  not  equally  prejudicial,  at  least  of  little  benefit.  That  fluids 
penetrate  metals,  and  particularly  iron,  is  shown  in  wire  factories^ 
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when  iron  wire  is  cleaned,  after  annealing,  in  diluted  sulphuric 
acid,  which  is,  by  neutralization  and  washing,  as  &r  removed  as 
practicable,  it  retains  always  some  of  the  acid,  which  causes  the 
wire  to  be  brittle  when  fresh.  An  exposure  of  the  wire  to  the 
atmosphere  for  some  time  removes  the  acid,  and  therefore  the 
cause  of  brittleness.  Wire  thus  cleaned  by  acids  is  often  perma- 
nently injured  in  its  strength,  which  does  not  happen  with  wire 
which  is  cleaned  by  the  old  method,  with  sand  and  water. 

Annealing. — ^It  has  been  recommended,  and  it  i3  also  prao- 
ticable  in  some  instances,  to  modify  the  heat  of  the  metal  and  the 
cooling  medium  for  hardening,  so  that  the  contact  of  the  two  pro- 
duces the  required  degree  of  hardness.  A  uniform  d^ree  of 
heat  cannot  be  applied  to  all  kinds  of  steel ;  and  since  the  mode 
and  time  of  heating  is  also  important,  and  the  fluid  refrigerator 
cannot  be  uniform  in  composition  and  temperature,  it  is  easily 
understood  that  this  method  of  hardening  cannot  be  universal 
The  common  mode,  and  perhaps  the  best  one  for  hardening,  is  to 
expose  the  steel  to  such  a  degree  of  heat,  and  so  to  cool  it  in  water, 
that  it  assumes  the  highest  degree  of  hardness,  and  then  temper 
by  exposure  to  a  moderate  heat  A  variety  of  means  have  been 
proposed  for  tempering  hardened  steel,  such  as  melted  fiisible 
metals,  lead  and  alloys  of  lead,  heated  fat  or  oil.  When  we  reflect 
on  the  nature  of  steel,  we  soon  find  that  the  various  kinds  require 
different  degrees  of  heat,  by  which  they  assume  a  definite  texture 
or  hardness,  and  that  neither  a  certain  degree  of  heat  nor  a  cer- 
tain color  of  its  tempered  surface  will  indicate  the  actual  condition 
of  the  steel.  The  operations  on  steel  are  of  so  delicate  a  nature 
that  they  cannot  be  brought  under  general  rules — ^they  are  en- 
tirely dependent  on  the  skill  of  the  practical  man ;  no  language 
can  impart  that  information  which  is  applicable  in  all  cases.  The 
following  statements  are  for  these  reasons  to  be  considered  as 
relatively  true,  and  not  as  generally  applicable.  Steel  which  has 
been  hardened  to  the  extreme  should  be  exposed  to  a  heat  of  400® 
for  chirurgical  instruments,  such  as  lancets ;  it  assumes  then  a 
faint  yeUow  color  on  its  polished  surface ;  to  425®  for  razors, 
which  tempers  it  yellow ;  to  432®  for  penknives,  which  it  also 
tempers  yellow ;  to  468°  for  scissors  and  cold  chisels,  the  color  is 
brown  yellow ;  to  490®  for  edge  tools  and  common  cutlery,  color 
purple ;  to  508®  for  table  knives,  color  also  purple ;  to  580®  for 
small  springs  and  weapons ;  to  537®  for  large  springs,  saws,  augers, 
the  color  is  blue ;  to  580®  for  large  saws,  the  color  of  which  it 
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tempers  to  dark  blue ;  beyond  600°  steel  becomes  black,  is  an* 
nealed  and  soft.  Steel  which  requires  a  high  degree  of  heat  for 
hardening;  demands  also  more  heat  for  tempering  than  that  which 
hardens  at  a  lower  degree  of  heat ;  and  steel  exposed  to  a  tern* 
pering  heat  of  a  certain  degree,  for  a  length  of  time,  increases  in 
softness,  even  when  the  intensity  of  heat  is  not  increased.  The 
color  of  steel  in  the  fresh  fracture  is  white,  like  deadened  silver. 
When  tempered,  it  becomes  more  gray ;  and  when  annealed,  it  is 
gray,  but  the  intensity  depends  on  the  kind  of  steel  or  amount  of 
carbon.  In  all  cases  the  hardened,  as  well  as  the  annealed  steel, 
should  not  exhibit  to  the  eye,  even  when  aided  by  a  lens,  any 
crystallization.  Hardened  steel  shows  a  little  higher  lustre  than 
annealed  steel.  In  making  these  distinctions,  we  should  always 
regard  hammering  as  equal  to  hardening  by  heat  and  refrigera- 
tion. Excepting  the  peculiarities  consequent  upon  hardening  and 
tempering,  steel  is  extremely  strong ;  the  resistance  to  rupture,  in 
good  annealed  steel,  is  110,000  pounds  to  the  square  inch ;  when 
hardened  to  the  extreme,  it  is  not  so  strong ;  but  if  tempered  to 
a  yellow  color,  it  will  carry  150,000  pounds.  Its  resistance  to 
crushing  and  a  permanent  alteration  of  form,  are  equally  distin- 
guished. Steel  is  not  very  ductile.  When  cold,  it  will  not  bear 
much  alteration  of  form,  and  when  heated,  it  is,  in  some  kinds, 
equal  to  iron.  Cast-steel  will  not  bear  much  bending.  German 
steel,  shear  steel,  and  all  kinds  of  hammered  steel,  are  more  duo- 
tile  when  hot  than  those  kinds  which  have  been  less  subjected  to 
compression.  The  specific  gravity  of  steel  is  7*62,  and  from  that 
to  7*81 ;  in  some  very  compact  kinds,  7'9.  Glass-hardened  steel 
occupies  a  larger  space  than  tempered  steel :  the  same  kind  which 
was  7*75  when  annealed,  had  a  specific  gravity  of  only  7'55  when 
hardened.  These  modifications  of  specific  gravity  are,  of  course, 
subject  to  the  degree  of  heat  by  which  the  steel  is  hardened,  and 
to  its  constitution.  The  degrees  of  heat  at  which  steel  melts  vary 
considerably :  Grerman  steel  requires  the  highest  heat  for  melting; 
this  may  be  about  3,600°;  the  best  kinds  of  cast-steel  will  melt 
at  considerably  less,  or  about  2,800°.  Steel  possesses  a  remark- 
able quality  of  retaining  magnetism,  or  of  being  affected  by  the 
magnetic  currents.  Soft  fibrous  iron  assumes  that  quality  quicker, 
but  does  not  retain  it  so  long.  Oxygen  has  little  effect  on  hard- 
ened steel;  still,  white  cast-iron,  with  much  carbon,  is  superior 
to  steel  in  resisting  oxidation.  The  pure  white  color  of  hardened 
steel,  and  its  susceptibility  of  being  oxidized  when  heated,  cause 
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the  beautiful  colors  of  tempered  steel.  When  heated  under  a 
cover  of  oil,  these  colors  do  not  appear ;  or,  when  such  colored 
and  heated  steel  is  brought  into  an  atmosphere  of  hydrogen,  the 
color  also  disappears.  This  shows  that  the  color  is  caused  by  ox- 
idation, and  that,  in  tempering  steel  under  a  coating  of  oil, 
extreme  caution  is  required  to  hit  the  proper  point  of  heat.  These 
colors  proceed  from  a  coating  of  oxide,  which,  in  its  extreme 
thinness,  causes  the  yellow,  and  when  thick,  blue ;  and  finally,  it 
becomes  opaque,  and  is  black.  Acids  facilitate  the  formation  of 
these  colors — ^alkalies  delay  or  prevent  them  altogether.  Pure 
iron  requires  a  higher  heat,  to  show  the  same  color,  than  steel ; 
the  best  steel,  and  also  white  cast-iron,  will  show  the  series  of 
colors  at  comparatively  the  lowest  degree  of  heat. 

Nature  of  Steel. — Before  proceeding  to  the  manufacture  of 
steel,  it  will  be  of  service  to  the  better  understanding  of  the  opera- 
tion, to  enter  briefly  on  an  examination  of  the  nature  of  steel,  so 
£Eur  as  it  can  be  inferred  from  our  experience  with  it.  Steel  is 
iron,  with  more  or  less  impurities  or  matter  alloyed  with  it ;  the 
same  is  true  of  cast-iron,  and  also  of  wrought-iron.  We  have 
seen  that  the  quantity  of  foreign  matter  has  no  influence  in  deter- 
mining what  is  steel,  or  cas^iron,  or  bar-iron.  Still  there  is 
a  vast  difference  in  the  form  and  nature  of  these  various  metals. 
White  cast-iron,  smelted  of  pure  sparry  ore,  is  hardly  inferior  in 
hardness  to  diamond ;  but  it  is  extremely  brittle,  and  cannot  be 
tempered  except  by  an  extremely  slow  process  of  annealing.  This 
crude  iron  contains,  on  an  average,  five  per  cent,  of  carbon,  and 
a  variety  of  other  matter,  all  in  chemical  imion.  Those  kinds  of 
this  iron  which  are  suitable  for  natural  steel,  contain  but  little 
silicon ;  and  those  in  which  it  abounds,  say  1-5  to  1*8  per  cent, 
or  more  than  1  per  cent.,  are  not  used  for  steel,  but  converted 
into,  and  form  a  very  strong  wrought-iron.  The  quantity  of  iron 
in  this  crude  material  is  not  often  more  than  90  per  cent.  The 
finest  kind  of  cast-steel  contains  nearly  an  equal  amount  of  impu* 
rities  with  this  cast-iron,  but  it  is  a  different  metal  altogether. 
This  steel  can  be  forged,  almost  welded ;  it  does  not  become  per- 
fectly fluid  without  injury,  is  easily  tempered  and  annealed,  and 
extremely  strong.  White  cast-iron  is  not  so ;  it  melts  very  fluid, 
cannot  be  forged  nor  welded,  cannot  be  tempered  nor  annealed  nor 
hardened  like  steel.  Wrough^iron  shows  very  different  qualities 
to  these,  and  still  may  contain  a  similar  amount  of  impurities. 
When  good,  pure  wrought-iron  is  melted  in  a  carbon-lined  cruci- 
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ble,  at  a  liigh  heati  a  kind  of  brittle  steel  is  obtained,  which  has 
similar  qualities  in  respect  to  hardening,  tempering,  &a  It  would 
be  impossible  to  arrive  at  a  true  theoiy  on  the  nature  of  steel  by 
comparing  the  quantitatire  constituents  of  steel,  wroughtriron,  and 
cast-iron,  if  it  was  not  for  one  particular  substance  which  imparts 
a  most  decided  character  to  iron,  and  that  is  silicon*  This  has 
the  strongest  affinity  for  iron,  is  always  present  when  there  is 
carbon,  but  oxidizes  quickly  as  soon  as  the  latter  disappears.  In 
good  steel  we  find  '2  per  cent,  of  silicon,  and  &om  that  to  *6  per 
cent  K  the  quantity  is  larger,  the  iron  becomes  brittle,  and  must 
be  classed  with  cast-iron.  Wrought-iron  may  contain  less  than 
this  amount  of  silicon,  or  more ;  if  very  little,  or  not  any  carbon 
is  present,  the  silicon  will  oxidize,  form  silex,  and  the  iron  may  be 
very  strong,  malleable,  and  in  fact  belong  to  the  best  qualities  of  its 
kind.  Most  kinds  of  pure  wrought-iron  contain  less  silicon  than 
converted  steel  or  cast-steel,  &om  which  we  conclude  that  iron 
absorbs  silicon,  along  with  other  matter,  in  the  converting  box 
Wrought-iron  is  an  irregular  mixture  of  silicious  iron  and  pure 
iron ;  the  atoms  of  the  impurities  and  the  metal  are  not  uniformly 
combined,  the  equivalents  are  not  grouped  together  in  compound 
atoms.  Imperfect  kinds  of  wrought-iron  are  more  irregular  than 
those  which  have  been  carefully  worked  and  purified.  Oood 
steel  must  be  considered  an  extremely  homogeneous  body  of  com* 
pound  atoms;  an  irregular  iron  cannot,  therefore,  form  good 
steel,  however  pure  it  may  be  on  the  average.  The  most  uniform 
iron,  firee,  or  nearly  so,  from  silicon  and  silex,  will  therefore  form 
the  best  steel.  Silicon  has  a  great  affinity  for  iron,  and  cannot 
be  removed  from  it  but  in  the  presence  of  such  matter  as  causes 
it  to  be  sufficiently  fluid  to  expose  the  atoms  of  it  to  oxidation. 
This  matter  must  be  of  such  a  kind  as  to  be  more  easily  removed 
than  silicon,  such  as  carbon,  arsenic,  sulphur,  phosphorus,  and 
some  others.  Iron  for  the  manufacture  of  steel  cannot,  therefore, 
be  refined  successfully  except  in  the  presence  of  considerable 
charcoal,  in  a  cinder  which  is  rich  in  peroxide  of  iron,  so  as  to 
absorb  the  silex  as  it  is  liberated.  The  charcoal  forge — good,  fusi- 
ble, gray,  pig  iron — much  work — and  small  charges,  are  the  means 
by  which  a  good  result,  for  use  in  the  converting  box,  may  be 
achieved. 

Natural  /SfecZ. -^  German  steel,  Indian  wootz,  steel  made 
directly  from  the  ore,  and  similar  kinds  of  steel,  are  not  man* 
u&ctured  in  this  country,  and  we  do  not  expect  ever  will  be. 


FABTICULAB  IIETALLUBOICAL  0PEBA.TI0N3.  689 

An  these  kinds  are  more  or  less  imperf^  irregular  in  qualitj, 
and  expensive ;  <»  at  least  would  be  highly  so,  if  manu&ctured 
here.  In  order  to  manufocture  good,  uniform  steel,  it  must  be 
melted,  or  often  refined,  which  requires  the  use  of  much  coal. 
The  latter  operation  will,  after  much  labor  and  attention  has  been 
paid  to  it,  produce  only  a  mixture  of  iron  and  steel,  such  as  Da- 
mascus steel,  a  substance  by  far  too  expensiTe,  and  unsuitable 
for  our  peaceable  occupationa  German  steel  is  not  so  very  ex- 
pensive in  its  manufacture ;  but,  when  all  the  operations  have 
been  performed  which  are  necessary  for  the  production  of  a  good 
article,  its  cost  is  considerable,  and  would  not,  aA«r  all,  answer 
our  purpoe^L  The  only  practical  method,  in  this  country,  is  to 
convert  iron  in  the  cementation  box,  and  refine  or  melt  the  blis- 
tered steel.  This  is  an  operation  generally  known  and  practised. 
For  these  reasons  we  shall  omit  all  explanation  of  any  a^ex 
method  of  manufacturing  steel  than  that  in  use. 

Steel  of  OementaUon — Mistered  Sted. — When  soft,  pure  wrought- 
iron  is  imbedded  in  charcoal,  and  exposed  to  a  red  heat  for  some 
hours  or  a  day ;  it  is  covered  with  a  thin  coating  of  steel,  which 
assumes  the  hardness  of  fine  steel  when  suddenly  thrown  into 
cold  water.  This  operation  is  frequently  performed  by  the  black- 
smith, and  known  as  case-hardening.  When  it  is  continued  dur- 
ing a  week  or  ten  days,  an  iron  bar  of  ^  or  ^  of  an  inch  in  thick- 
ness is  wholly  converted  into  steeL  The  operation  on  the  lai^ 
scale  is  similar  to  that  in  the  blacksmith  shop,  with  the  only  dif- 
ference that  a  large  quantity  is  cemented  at  once. 

The  converting  or  cementing  box  is  represented  in  fig,  281. 
It  shows  a  longitudinal  and  vertical  section,  as  it  is  charged  with 
iron  and  cement  Such  boxes  are  fix>ra  10  to  20  feet  in  length, 
and  not  often  less  than  16  feet ;  from  2  to  4  feet  in  width,  and  not 


more  than  SO  inches  in  height.  All  large  and  high  boxes  work 
irregularly  and  slow.  There  ia  nothing  gained  in  making  the 
section  more  than  6  square  feet ;  that  ig  2  feet  high  and  S  feet 
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vide  in  the  clear.  A  box  which  tabes  &om  8  to  10  tons  <^  Bmall 
iiOQ,  that  is  iron  of  jxl^  inches,  or  12  tons  of  ix2  inches,  will 
require  16  tons  of  slabs.  There  aie  also  boxes  which  take  20 
tons  of  slabs.  They  are  made  of  sandstone  slabs,  but  in  this  conn- 
tiy  most  generally  of  flre-tiles,  that  is  of  slabs  made  of  fiie-cl&y, 
well  worked  and  baked,  in  a  manner  similar  to  fire-brick.  They 
are  from  12  to  15  inches  wide,  and  as  long ;  or  if  a  box  24  inches 
high  is  to  be  made,  they  are  as  long  as  the  height  of  the  box.  Two 
inches,  and  fi-om  that  to  2^  inches,  not  often  3,  is  the  thickness  of 
these  tiles.  The  boxes  are  put  together  by  osing  fire-clay  as 
mortar,  like  furnace  work  in  fire-brick,  and  if  well  constructed  a 
few  more  joints  do  no  harm.  It  is,  therefore,  of  not  much  advan- 
tage to  employ  large  slabs ;  which  is  the  more  apparent  when  we 
consider  that  they  are  not  always  of  so  good  quality,  and  more 
liable  to  break  than  small  tOea.  The  more  important  object,  in 
constructing  a  converting  box,  is  to  secure  all  the  joints  well  with 
good  fire-clay  mortar,  so  that  the  trunk  may  be  perfectly  air-tight^ 
as  far  as  porous  bricks  will  admit  of  it 


The  iron  bars  are  charged  in  the  box  in  the  manner  shown 
in  fig.  282.  The  rods  are  alwaj's  flat  iron,  of  the  form  of  wagon- 
tire.  In  some  of  the  steel  works,  slabs  or  plates,  of  £roni  SO  to 
40  pounds  in  weight,  of  f  or  J  inches  in  thickness,  5  or  6  inches 
wide,  and  15  or  20  inches  long,  are  used  for  conversion.  The 
leading  principle  in  selecting  the  form  of  iron,  is  the  quality  of 
steel  to  be  manu&ctured  of  it  For  spring-steel,  heavy  saws, 
agricultural  implements,  and  common  steel,  slabs  may  be  con- 
verted, and  rolled  or  drawn  under  the  hammer  into  bars.  Shear- 
steel,  or  that  refined  steel  which  ia  manufactured  of  blistered  steel 
by  being  fagotted,  welded  and  drawn,  is  generally  made  of  small 
bars  }x2  inches.  Cast-steel,  which  is  in  some  instances  exposed 
to  two  or  three  converting  heats,  with  fi-esh  cement,  is  in  bars  of 
fix)m  jx8  or  jxS  inches.    The  iron  bats  ebonld  never  touch  each 
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other  in  the  box ;  a  layer  of  cement  at  least  \  an  ioch  in  thick- 
nesa  most  be  between  them.  In  charging  a  box,  a  layer  of  ce- 
ment about  1  inch  thick  is  Edited  uniformly  over  the  bottom,  and 
npon  thia  the  first  layer  of  iron  is  set  edgeways.  The  bars  are 
aet  one  inch,  or  a  space  at  least  equal  to  their  thickness  apart, 
and  as  far  firom  the  sides.  Over  this  first  layer  of  iron  sufficient 
cement  is  sifted  to  fill  all  the  spaces  between  the  bars  and  cover 
them  about  an  inch  in  thickness.  Another  layer  of  bars  is  now 
laid  in  a  similar  manner  as  the  first  and  covered  with  cement ; 
and  the  operation  is  continued  to  within  a  few  inches  of  the  top. 
It  is  not  necessary  that  the  bars  should  be  of  the  whole  length  of 
the  box :  long  and  short  pieces  may  be  put  together  so  as  to  fill 
up  the  length.  At  each  end  of  the  box,  a  space  of  at  least  one 
inch  is  filled  with  cement.  Through  the  centre  of  one  of  the 
beads  of  the  box,  as  shown  in  fig.  28S,  some  rods,  trial-rods,  pro- 


ject :  these  ought  to  extend  at  least  half  the  length,  or  to  the  cen- 
tre of  the  box.  The  aperture  thus  formed  in  the  end  is  closed 
by  fire-clay  or  sand.  The  necessity  that  one  layer  of  bars  should 
correspond  with  the  interstices  of  the  other,  is  obvious;  for  thia 
reason  it  is  not  profitable  to  insert  the  bars  in  a  fiat  position.  The 
last  layer  is  covered  with  half  an  inch  of  fresh  cement,  and  upon 
this  two  or  three  inches  of  old  cement  is  laid ;  the  whole  is  ^en 
covered  by  a  layer  of  fine  moulding-sand.  Or  a  better  material  for 
thia  purpose  is  the  fine  sand  from  grindstones,  where  wet  grinding 
is  performed.  This  is  a  mixture  of  iron  and  eand,  and  becomes 
extremely  hard  on  being  heated.  The  chest  then  assumes  the 
form  shown  in  fig.  282,  and  is  ready  for  being  fixed. 

(^ment. — The  cement  consists  of  ground  charcoal,  which  ought 
to  be  made  of  bard  wood,  and  be  strong  coaL  As  it  should  be 
granulated,  like  that  used  in  refining  sugar,  it  is  ground  coarsely 
in  mills,  and  the  dust  bam  it  removed  by  sifting.  Charcoal  cut 
by  a  knife,  similar  to  that  for  cutting  straw,  forms  a  suitable  grun, 
and  with  little  or  no  dust    The  granulated  charcoal  is  in  some 
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instances  mixed  with  soot,  but  this  addition  is  not  MoemKrji$aA- 
may  be  injurious  if  the  soot  is  not  very  pore.  In  all  eawS)- 
abont  one-tenth  in  Tolume  of  wood  ashes  is  added,  and  well  mixed 
with  the  charcoal  and  some  common  salt  finely  gronnd  or  in  so- 
lution. Ground  coke,  anthracite,  and  aU  other  additions  to  them, 
have  proved  of  little  or  no  use,  and  ia  most  cases  are  injuriona  to 
the  BteeL  In  foot,  good,  pure,  hard  charcoal,  with  the  additicm  of 
a  veiy  little  salt  in  solution, — about  a  peck  to  a  box,—- sprinkled 
over  the  granulated  coal,  forms  the  best  steel.  There  may  be 
instances  where  the  addition  of  some  substances  to  the  cemeot 
proves  advantageous,  but  these  are  applicable  only  to  peculiar 
kinds  of  iron  and  peculiar  steel,  and  may  serve  in  the  manu&o- 
toifi  of  cast-steel  only.  For  shear-steel,  welding-steel,  and  those 
kinds  of  steel  which  are,  after  conversion,  exposed  to  much  heat, 
all  such  additions  must  prove  injurious  to  the  quality.  There  is 
no  difficulty  in  combining,  in  the  converting-box,  any  substance 
with  iron.  In  adding  sulphur,  phosphorus,  the  oxides  of  volatile 
metals,  such  as  antimony,  aisenic,  lead,  bismuth,  and  others,  they 
combine  readUy  with  the  iron ;  and  it  may  be  true  HM  such  com* 
binations  are  of  advantage  where  a  very  uniform  cast-steel,  such 
as  that  for  mint-atampa,  is  required.  These  additions  will  cause 
cast-Bteel  to  be  more  fiisibl^  and  those  veins  may  be  removed 
which  often  prove  hurtful  to  fine  stamps. 

Furnaces. — One  or  two,  and,  in  some  instances,  three  boxes 


are  inserted  in  one  furnace.   Large  ones  of  20  tons  in  capacity  are 
inserted  singly,  and  the  furnace  assumes  a  form  such  as  is  shown 
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in  the  vertical  eectioD,  fig.  284.  The  fire  plays  throughout  the 
whole  length  of  the  bottom,  and  escapes  by  a  series  of  flues  formed 
of  firebrick  around  the  box.  The  heat  is  thus  active  on  all  sides, 
and  also  on  the  top  of  the  box.  The  rough  wall  indoses  an  arch 
of  firebrick  sufficiently  high  to  admit  of  the  entrance  of  the  steel- 
maker for  charging  and  discharging  the  box.  The  arch  ie  pro- 
vided with  a,  series  of  flues,  leading  to  low  chimneys.  By  shut- 
ting or  opening  these,  the  heat  of  the  furnace  is  regulated ;  it  is 
increased  or  diminished  at  one  end  or  the  other  as  circumstances 
may  require.     The  grate  of  the  furnace  is  below  ground. 

When  two  boxes  are  inserted,  the  arrangement  of  the  furnace 
assumes  the  form  represented  in  fig.  285.  The  system  of  flues 
around  the  boxes  is  here  shown,  with  the  apertures  A  A,  for  the 
trial  bars,  and  the  furnace  door.  The  size  of  the  flues  is  from  9 
to  7  inches  square,  the  partitions  are  of  the  thickness  of  the  width 
of  a  firebrick. 

In  inserting  three  boxes,  the  arraogement  is  such  as  is  shown 
in  fig.  286.  The  space  between  the  two  lower  boxes  must  be  as 
wide  as  the  width  of  the  upper  box,  or  nearly  so. 


The  size  of  the  grate  in  these  furnaces  depends  in  some  mea- 
sure on  the  kind  of  fuel  used ;  but  as  it  is  at  least  20  inches  wide 
in  a  single  furnace,  and  extends  the  whole  length  of  the  box,  not 
much  more  width  is  required  in  a  double  or  triple  furnace.  The 
best  fuel  is  anthracite  coal ;  wood  is  most  generally  used,  but  there 


694  METALLURGY. 

is  no  objection  to  either  stone-coal,  or  coke,  or,  in  fact,  .any 
of  fuel,  for  only  a  cherry-red  heat  is  required.  Above  the  boxes 
there  is  an  aperture  of  2  feet  square  in  the  rough  side-wall,  for 
charging  and  discharging  the  contents  of  the  boxes;  these  are 
commonly  closed  by  an  iron  door,  but  may  be  walled  up  tempo- 
rarily by  bricks.  The  proof-holes  extend  also  through  the  rough- 
wall.  The  height  of  the  chimneys,  and  that  of  the  conical  hood, 
has  little  influence  on  the  eifect  of  the  furnace ;  when  they  pro- 
duce sufficient  draught,  and  carry  off  the  smoke,  their  height  is 
sufficient. 

From  six  to  eight  days,  or  with  large  boxes  ten  days,  are  suffi- 
cient for  finishing  a  heat.  The  Are  is  started  gradually,  and  kept 
low  for  the  first  few  days ;  but  afterwards  it  is  gradually  increased 
to  a  high  red  heat,  which  is  continued  to  the  end  of  the  opera- 
tion. The  conversion  proceeds  more  rapidly  at  a  high  heat  than 
at  a  low  one,  and  may  thus  be  accomplished  in  a  shorter  time, 
but  the  steel  is  not  uniform.  In  the  interior  of  the  box,  when 
the  fire  is  urged  tC)o  much,  the  bars  are  not  sufficiently  carbonized, 
and  the  danger  of  melting  them  near  the  bottom  is  very  great^ 
which,  if  it  happens,  transforms  the  steel  into  cast-iron.  The  trial- 
bars,  being  in  the  centre  of  the  box,  will  indicate  the  progress  of 
cementation ;  and  when  they  are  found  to  be  sufficiently  carbon- 
ized, the  flues  and  doors  are  all  shut,  and  the  furnace  suffered  to 
cool  slowly.  As  a  trial-bar  once  withdrawn  from  the  furnace, 
cannot  be  returned,  two  or  three  such  bars  are  inserted,  so  as  to 
afford  a  repetition  of  the  test.  About  an  equal  time,  at  least  four 
or  five  days,,  are  required  to  cool  the  furnace.  The  steel-maker 
now  enters  it,  takes  off  the  cover  of  the  boxes,  and  hands  out  the 
converted  bars;  he  then  removes  the  cement,  which  in  small 
quantities  may  be  mixed  with  fresh,  and  fills  the  boxes  again  for 
a  new  operation.  A  heat  consumes,  including  charging  and  dis- 
charging, about  three  weeks. 

The  steel  thus  obtained  is  not  uniform  in  quality ;  that  near 
the  bottom  and  sides  is  more  carbonized  than  in  the  centre.  It 
is  broken  and  assorted,  and  those  bars  which  are  not  sufficiently 
carbonized  are  returned  to  the  box  to  be  cemented  once  more. 
The  appearance  of  the  steel  is  in  some  measure  indicative  of  its 
quality.  A  brilliant  white  color  and  lustre  in  the  fracture  is  a 
good  indication ;  very  large  crystals  forebode  rather  too  much 
carbon  for  common  steel,  but  not  for  cast-steel.  The  centre  of 
the  bar  is  always  less  carbonized  than  the  exterior.    Large  irreg- 
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ular  blisters  show  inferior  iron.  When  the  latter  is  nniform  in 
texture  and  composition  the  blisters  are  uniform,  and  about  }  of 
an  inch  long,  and  ^  an  inch  wide,  uniformly  distributed  over  the 
surface  of  the  iron.  Small  and  large  blisters  on  the  same  bar  are 
indicative  of  bad  iron.  Coarse  iron,  and  puddled  iron,  hardly 
form  blisters,  or,  at  beat,  very  irregular  and  broken  elevations ; 
such  iron  is  too  porous  to  bulge.  The  cause  of  these  blisters  is 
plain.  Wrought-iron  contains  oxidized  matter,  and  the  carbon 
of  the  cement  in  entering  its  pores  will  form  carbonic  acid  gas, 
which,  in  the  endeavor  to  escape,  makes  the  hot  and  malleable 
iron  form  a  thin  shell,  in  which  the  gas  is  inclosed. 

Shear-Steel. — Blistered  steel  as  it  comes  from  the  box  is  ready 
for  common  use ;  the  better  qualities  are  fagoted,  welded,  and 
drawn  under  the  hammer  into  bars.  Tlie  latter  process,  on  being 
repeated  two  or  three  times,  causes  the  steel  to  be  uniform,  and 
suitable  to  be  welded  to  iron.  Welding  is  performed  in  a  smith's 
forge,  with  bituminous  coal,  which 
forms,  by  its  baking  quality,  an  "^  ^■ 

oven,  or  coal  roof  over  the  fire,  as 
shown  in  fig.  287.  Thus  cheap  l 
fuel  is  made  available,  and  is  in 
fact  superior  to  charcoal.  The 
fegots  are  formed  of  5  or  more 
bars,  well  supplied  with  flux,  sand, 
or  clay,  to  prevent  decarbonization, 
and  tilted  under  light  trip-hammers, 
which  strike  from  300  to  400  blows 
per  minute.  The  head  of  such  a 
hammer  weighs  from  150  to  200 
pounds.  We  have  alluded  to  the 
effect  which  hammering  has  i 
steel,  in  preference  to  rolling,  and 

are  justified  in  entertaining  serious  doubts  of  the  suitableness 
of  rollers  for  drawing  steel.  If  no  other  objection  existed  to  the 
latter  mode  of  operation,  the  high  heat  required  for  rolling  must, 
in  all  instances,  deteriorate  the  quality  of  the  steel.  The  repeated 
compressions  by  means  of  the  hammer  cannot  be  supplied  by  roll- 
ers.    Soft  blistered  steel  may  be  rolled. 

In  thus  refining  steel  with  care  and  skill,  any  quality  of  weld- 
ing steel  may  be  produced,  cheaper  and  more  perfect  than  natural 
steel,  to  which  it  is  always  superior  In  uniformity.     This  steel  is 
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oot  quite  SO  uniform  as  cast-steel,  because  the  joints  of  the  &goti 
form  veins  of  soft  iron.  By  applying  skill  and  dexterity  in  weld- 
ing and  drawing,  a  superior  article  is  manufactured.  Slovenly, 
unskilUul  workmen  succeed  very  often  in  metamoiphofflng  steel 
into  soft  iron. 

Oast-i^l — Those  bars  of  blistered  steel  which  are  highly  car- 
bonized, either  purposely  or  accidentally,  are  broken  into  snisll 
pieces,  melted  in  a  crucible,  cast  in  an  iron  mould,  and  form  cast- 
steel.  The  form  of  the  pots  is  somewhat  different  from  the  com- 
mon one ;  it  is  long  and  narrow,  and  contains  35  or  40  pounds  ot 
metal.  Pots  are  manufactured  of  fire-clay  mixed  with  coke,  or 
anthracite  duet,  or  plumbago.  They  are  strongly  pressed  in  an 
iron  mould  and  gently  dried,  and  finally  baked,  before  they  are 
sorted  in  the  furnace.     A  pot  will  last  for  one  day,  or  three  heata. 

The  air  furnaces  used  for  melting  are  similar  to  those  of  the 
brass-founders.  The  moulds  are  cast-iron,  well  polished  inside 
and  greased,  and  form  au  ingot  of  from  2i  to  S^  inches  square, 
and  12  or  15  inches  in  length.    In  fig.  288  the  interior  (^  a  cast- 


ing house  is  represented.     The  moulds  are  set  upright  so  that  the 
fluid  metal  may  run  down  without  touching  them. 

When  the  furnace  for  melting  ia  well  heated,  which  is  most 
effectually  accomplished  by  anthracite  coal,  or  hard  dense  coke, 
and  the  crucible  also  gently,  it  ia  inserted  upon  the  foot-piece,  and 
the  furnace  filled  with  coal.  The  fragments  of  steel  are  charged 
by  means  of  a  sheet-iron  tube,  which  slides  them  gently  down  in 
it.     The  steel  is  covered  with  a  little  pounded  green  glass,  and 
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protected  against  the  dropping  in  of  coal  by  a  pot  cover  of  fire- 
clay. Four  hours  will  finish  the  heat,  when  a  man  removes  the 
crucible  by  means  of  basket-tongs  fix)m  the  fire,  and  puts  it  on  the 
floor.  Another  workman  takes  the  pot  and  pours  the  metal  into 
the  mould.  Meanwhile  the  furnace  is  cleared  of  clinkers  and 
made  ready  to  receive  the  hot  pot  when  emptied  into  the  mould. 
The  ingots  thus  manufactured  are  drawn  under  hammers  into 
the  desired  forms  of  bars.  A  brown-red  heat  only  can  be  applied 
to  this  steel  without  breaking  it ;  it  requires,  therefore,  a  great 
deal  of  heating  and  hammering.  This  steel  cannot  be  fagoted, 
and  is  welded  to  iron  with  difficulty.  It  may  be  united  with 
wrought-iron  in  casting  it  on  hot  and  clean  iron,  or  welding  it  by 
means  of  fluxes,  such  as  borax,  or  prussiate  of  potash. 

There  would  be  no  objection  to  forming  cast-steel  of  any  kind 
of  steel,  if  melting-pots  could  be  procured,  which  resist  the  stronger 
heat  necessary  to  melt  German  or  shear  steel.  Heat  and  flux 
are  both  very  destructive  to  the  crucible,  and  more  so  on  the  ou^ 
side  than  on  the  inside. 

All  additions  to  the  steel  in  the  crucible,  with  a  design  of  im- 
proving its  quality,  are  useless,  for  they  will  not  combine  with  it. 
Black  manganese  is  sometimes  added,  and  is  said  to  have  a  good 
effect,  but  it  cannot  be  of  any  other  service  than  for  the  removal 
of  some  carbon.  The  same  object  may  be  obtained  by  tempering 
too  highly  carbonized  steel  in  black  manganese  or  in  peroxide 
of  iron. 

Blistered  steel  gains  about  a  half  per  cent,  on  the  iron  in  weight 
during  the  process  of  cementation.  Each  heat,  in  refining  steel, 
consumes  from  3  to  5  per  cent.,  so  that  a  thrice  refined  steel  has 
lost  10  or  12  per  cent  From  6  to  7  per  cent  is  generally  lost 
in  the  first  heat 

The  high  price  of  good  steel,  and  the  apparently  simple  consti- 
tution of  it,  has  been  the  cause  of  many  experiments  and  disap- 
pointments in  compounding  it.  As  a  general  conclusion  in  con- 
sequence of  these  trials,  we  may  assert  that  pure  iron  well  carbon- 
ized, is,  if  not  the  best,  at  least  as  good  as  any  steel.  The  chief 
object  in  making  steel  is  to  obtain  pure  iron,  which  is  more  diffi- 
cult than  it  at  first  appears  to  be.  My  own  experiments,  most 
carefully  performed,  have  convinced  me  that  good  steel  never 
can  be  produced  directly  from  iron  ore,  all  recent  demonstrations 
to  the  contrary  notwithstanding.  Steel  cannot  be  made  of  the  best 
puddled  iron ;   and  there  appears  to  be  no  other  successful  way 
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but  first  to  make  good  charcoal  bars  and  convert  thein,  and  refine 
or  melt  the  steel.  Silica  has  so  mucli  affinity  for  iron,  and  the 
quantity  of  it  in  good  steel  is  so  small,  that  the  charcoal  forge,  for 
obtaining  pure  iron,  is,  and  must  be  considered,  with  oar  present 
knowledge,  the  only  sure  means  for  making  a  gotxl  quality  of 
iron  which  is  suitable  for  steeL  With  these  remarks  ends  the 
chemical  metallurgy  of  iron. 

Hammers. — Force-hammers,  tilt-hammers,  or  trip-hammers, 
are  terms  indicating  the  modifications  in  the  form  of  these  ma- 
chines. Force-hammers  weighing  100  pounds,  or  from  4  to  6 
tons,  are  in  use.  These  modiiicationa  are  caused  by  the  purpose 
for  which  they  are  designed.  The  lightest  kind  of  hammers,  such 
as  those  of  100  or  150  pounds,  are  used  for  drawing  small  iron  and 
small  steel  rods.  For  the  first  purpose,  hammers  are  not  much 
used.  Small  iron  is  drawn  and  finished  between  rollers.  For 
drawing  steel,  hammers  are  indispensable.     In  fig.  289  a  vertical 


section  of  a  small  hammer  and  ite  foundation  is  shown.  The 
hammer-head  A,  ia  considered  the  weiglit  of  the  hammer,  and  if 
it  is  less  than  200  pounds,  the  hammer  strikes  at  least  300  blows  per 
minute ;  smaller  hammers  strike  from  400  to  500  blows  in  that  time. 
In  drawing  steel  rods,  the  speed  ia  so  great  that  a  bar  is  heated 
while  under  the  hammer  from  a  black  to  a  brown-red  heat, 
which  is  visible  in  daylight.  The  lift  of  such  a  small  hammer 
varies  from  3  to  5  or  6  inches,  according  to  the  size  of  the  bar. 
The  framework  and  foundation  is  always  formed  of  timber ;  so 
is  the  hammer-helve  B.  Stones  or  cast-iron  are  unsuitable  mate- 
rials about  a  hammer  of  this  kind.     The  anvil  C,  is  generally 
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almost  level  with  ttae  floor  of  the  forge.  This  is  necessary  in 
order  to  bring  as  much  of  the  machine  under  ground  as  possible. 
The  hammerman  aits  on  a  suspended  bench  D,  and  moves  his 
body,  and  consequently  the  rod  on  the  anvil,  by  means  of  his 
l^s,  which  he  props  against  the  anvil-stock  or  a  plank.  On  this 
swinging  seat  he  may  move  the  rod  with  the  greatest  rapidity 
and  convenience.  The  point  of  suspension,  or  fulcrum  E,  is 
either  formed  of  a  collar  with  two  projecting  points,  held  by  the 
standards  F,  which  arc  of  wood  in  most  instances,  or  it  is  formed 
by  two  journals,  as  will  be  shown  hereafter.  The  tail-end  of  the 
banuner-belve  is  provided  with  an  iron  plate  on  its  lower  side, 
which  is  &stened  by  rings  and  wedges  to  the  wood.  This  plat« 
strikes  upon  a  piece  of  timber  G,  and  drives  the  hammer-head 
forcibly  down  upon  the  anvil  by  recoiL  The  wiper-wheel  K,  is 
a  heavy  cast-iron  ring,  into  which  the  steel  wipers  I,  are  wedged 
by  wooden  wedges.  The  number  of  these  wipers  is  of  course 
dependent  on  the  number  of  revolutions  of  the  axis,  and  the 
number  of  strokes  of  the  hammer.  If  the  hammers  are  small, 
the  wiper-wheel  is  close  to  the  standards,  so  that  the  tail  of  the 
hammer  extends  towards  the  plumb-hne  drawn  from  the  centre 
of  the  shaft. 

The  hammer-head  is  generally  of  wrought-iron,  provided  with 
a  well  polished  cast-steel  face ;  so  is  the  anvil,  which  is  of  an 
equal  weight  with  the  hammer.  We  do  not  know  if  good  strong 
cast-iron  will  answer  the  purpose  for  beads,  but  are  certain  of  its 
forming  good  anvils.  In  this  case  the  cast-iron  anvils  manufac- 
tured in  Trenton,  N.  J.,  which  are  provided  with  fine  cast-steel 
faces,  are  the  best  which  can  be  obtained.  Cast-iron  frame-work 
requires  much  repair ;  besides,  hammers  thus  constructed  appear 
less  effective  than  those  suspended  in  wooden  frames.  Where 
water-power  is  used  as  the  driving  force,  each  hammer  is  provided 


vith  a  small  water-wheel,  and  the  machine  assumes  the  form 
shown  in  fig.  290.     In  this  instance  much  power  is  wasted ;  and 
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in  order  to  save  it,  or  make  the  best  use  of  water,  a  large  water- 
wheel  is  erected  on  approved  principles,  and  the  various  hammen 
in  a  forge  are  driven  by  means  of  belts.  The  latter  conducts  the 
motion  &om  a  counter-shaft  of  a  greater  velocity  than  that  of  the 
water-wheel  shaft :  it  drives  the  wiper-shaft.  Belts  of  this  kind 
ate  provided  with  tension  rollers,  bo  as  to  modify  the  speed  of 
the  hammer  in  a  shght  degree,  without  alteriag  the  speed  of  the 
driving  power.  When  steam-engines  are  employed  aa  the  driving 
force,  a  similar  arrangement  in  the  machinery  is  made.  This 
method  of  driving  hammers  with  an  equal,  or  nearly  equal  velo- 
city, is  suitable  for  drawing  bars  of  uniform  mzes;  but  when 
irregular  forms  are  forged,  such  as  tools  and  hardware  generally, 
where  thick  or  thin  parts  are  at  the  same  time  under  the  hammer, 
the  speed  of  it  must  be  variable,  and  at  the  command  of  &e  ham- 
merman. Thick  parts  require  less,  thin  parts  more  blows  in  the 
same  time ;  and  hot  metal  a  less  number  of  strokes  than  cold 
metal. 

For  drawing  heavy  bars  of  iron  or  steel,  or  forgmg  down 
balls  or  blooms,  a  hammer  constructed  like  that  shown  in  fig. 
291  is  used,  which  is  of  larger  size  in  all  its  parts,  the  hai 


head  weighing  from  250  to  600  pounds,  and  having  a  lift  of  from 
12  to  20  inches.  It  is  obvious  that  a  hammer  for  drawing  bars 
must  be  constructed  differently  from  one  which  forges  balls  into 
blooms ;  the  first  may  be  lighter,  and  make  a  greater  number  of 
blows  in  the  same  time  on  the  iron  than  the  latter.  When  a 
hammer  works  80  or  90  strokes  per  minute,  or  is  of  great  weight, 
the  reaction  caused  by  the  recoil  at  the  tail  is  destructive  to  the 
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bammer-frame.  Id  order  to  obviate,  or  at  least  to  modify  this 
serious  objection  to  a  tilt-hammer,  trip  or  lift  hammers  have  been 
constructed,  at  which  the  lifting  cam  catches  the  helve  between 
the  head  and  the  Mcrum.  The  recoil  is  then  produced  bj  a 
flpring-pole,  or  a  piece  of  timber  inserted  into  the  standards,  above 
the  fulcrum.     The  drawing,  fig.  292,  shows  a  life-hammer  with 


cast-iron  standards.  These  may  be  of  wood,  but  in  that  case  the 
machine  assumes  rather  an  awkward  and  clumsy  appearance, 
without  being  superior  in  effect  or  durability.  In  this  case  cast- 
iron  standards  work  well,  because  the  reaction  upon  them  is  not 
so  severe  as  with  the  tilt-hammer.  For  these  large  hammers  the 
head  and  anvil  are  of  cast-iron ;  and  in  case  the  hammer  is  used 
for  drawing  bara,  the  face  is  narrowed  by  casting  a  relief,  T,  or  a 
cross,  on  it. 


Fig.  293  shows  the  form  of  a  hammer-machine,  which  is  fre- 
quently used.    Its  construction  does  not  admit  of  great  velocity, 
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and  serves  chiefly  for  forging  mAchiDe-iron.  It  is  also  employed 
in  forging  blooms.  The  fulcrum  is  formed  by  a  caat-iron  box, 
screwed  to  the  helve :  ite  journals  rest  in  plummer-blocks,  which 
are  fastened  to  a  strong  framework  of  timber.  &nall  hammers 
of  this  construction  are  used  in  ore-tactoriea,  and  in  those  estab- 
lishmentB  where  no  great  speed  ia  required. 

The  heavy  English  cast-iron  hammer  is  fast  losing  Ihvor  wilh 
the  iron  manufacturers,  and  there  are  but  few  of  this  kind  in  use 
at  tlie  present  time.  For  these  reasons  we  do  not  furnish  an  illus- 
tration of  this  hammer.  They  were  chiefly  used  for  shingling 
puddled  balls ;  but  as  the  rotary  squeezer  performs  that  opera- 
tion with  little  or  no  expense  to  the  manufacturer,  and  shingling 
at  the  hammer  costs  at  least  $1  per  ton  of  iron,  these  clumsy 
machines  are  nearly  extinct  A  very  ingenious  machine  is  the 
Nasmyth  steam  hammer;  but,  besides  b^g  expen»ve,  its  use  is 
limited  to  forging  blooms,  because  it  works  too  slow  for  drawing 
bars.  It  is,  therefore,  of  no  use  in  ^e  puddling  forge,  and  is  too 
expensive  in  the  charcoal  forge, 

Spieezers, — The  best  machine  for  forging  puddled  balls,  down 
to  blooms,  is  the  squeezer,  of  which  two  distinct  kinds  are  in  use, 
the  lever  squeezer  and  the  rotary  squeezer.  A  lever  squeezer  is 
represented  in  fig.  294,  the  construction  of  which  will  be  u^de^ 
stood  without  explanation. 


All  the  machine  is  made  of  cast  iron,  the  frame  of  which  is 
firmly  screwed  down  on  a  solid  foundation  of  stone.  The  hot  Kills 
of  iron  are  inserted  between  the  jaws,  which  consist  of  grooved 
cast-iron  plates,  and  are,  by  means  of  a  pair  of  tongs  in  the  hands 
of  a  workman,  rolled  towards  the  fulcrum.    By  the  upward  and 
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downward  motion  of  the  upper  jaw,  which  ia  caused  by  the  revo- 
lutioQ  of  the  crank,  the  size  of  the  ball  is  diminished,  and  formed 
into  a  round  bloom,  the  ends  of  which  are  made  solid  by  upset- 
ting it  in  the  widest  part  of  the  jaws. 

A  more  useful  one  is  Burdens'  rotary  squeezer ;  it  is  also  a 
machine  constructed  entirely  of  cast-iron.  By  its  action  the  puddled 
ball  is  reduced  into  a  bloom  without  human  assistance.  In  fig. 
295  such  a  machine  is  represented.    At  A,  a  round  puddled  ball 


is  thrown  in,  and  the  central  grooved  wheel  in  revolving  about 
its  axis,  draws  in  the  ball.  Tlie  space  which  is  formed  by  the 
wheel  B,  and  the  fixed  inclosure  A,  ia  wider  at  A  than  at  C ;  the 
axis  of  the  wheel  and  that  of  the  inclosure  are  not  the  same.  At 
A  it  ia  about  12  inches,  at  C  5  or  6  inches.  The  ball  thus  rolled 
through  the  machine,  appears  after  about  two  revolutions  of  the 
wheel  B,  at  C,  in  the  fbrm  of  a  round  bloom.  The  upper  end  ia 
pressed  down  by  the  movable  cover  D ;  this  cover  plays  loosely  on 
the  central  shaft,  and  presses  with  its  weight  upon  the  ends  of  the 
bloom.  The  gearing,  or  bevelled  driving  wheels,  are  generally 
under  the  floor  of  the  building. 

Squeezers  are  applicable  only  to  puddled  iron,  or  impure  soft 
charcoal  iron.  Strong  charcoal  iron  is  hard,  and  a  squeezer  will 
not  have  much  effect  on  it.  The  rotary  squeezer  particularly 
requires  hot  iron.  It  is  liable  to  be  broken  itself  by  cold  or  hard 
iron,  or  it  breaks  the  balls.  Balls  which  have  not  been  well 
worked  and  put  together  hot,  are  generally  smashed  in  passing 
tiirough  the  machine.     It  is  not  true  that  the  use  of  hammers  im- 
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proves  the  quality  of  iron.  When  it  is  well  worked  in  the  fUr^ 
nace,  it  is  equally  aa  good  after  having  been  reduced  by  the 
squeezer,  aa  it  is  by  the  hammer.  The  hammer  has  much  influ- 
ence on  stfiel,  but  none  on  iron.  The  effect  which  is  produced  in 
the  charcoal  forge  on  hammered  iron  is  not  owing  to  the  effect  of 
the  hammer,  but  to  that  of  repeatedly  heating  the  iron,  and  pre- 
paring it  for  the  hammer.  Hammers  are  necessary  for  reducing 
the  size  of  pure,  strong  iron,  for  working  blooma  down  to  slabs, 
for  heavy  sheets,  and  for  forging  steel.  For  such  purposes  the 
tilt  or  trip  hammer  is  the  most  useful. 

BoBers. — In  addition  to  the  foregoing  machines,  lollerB  aze 
employed  for  laminating  iron.     Fig.  296  shows  a  vertical  seotioa 


of  a  pair  of  rollers,  A  B,  a  view  of  one  standard  C,  the  movable 
blocks  D  D,  a  rider  E,  and  the  screw  which  holds  the  top  roller 
down,  and  by  means  of  which  the  distance  between  the  rollers  is 
adjusted.  F  is  the  bed-plate ;  it  is  firmly  screwed  down  upon  a 
strong  foimdatioti  of  masonwork,  and  thus  the  movable  standards 
are  held  in  it  by  wooden  or  iron  wedges.  This  method,  however 
useful  when  well  executed,  is  not  now  much  in  use ;  the  stand- 
ards are  most  generally  screwed  down  upon  the  timbers  of  the 
foundation.  As  these  machines  are  very  heavy,  and  chipping  on 
cast-iron  is  rather  expensive,  patterns  and  castings  should  be  made 
so  perfectly  that  little  work  is  required  on  the  standards,  and 
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those  parts  belonging  to  them.     The  rollera  are,  of  course,  always 
turned  ronnd  in  the  turning  lathe. 

In  fig.  297,  is  Bhown  a  pair  of  roughing  rollers ;  thej  are,  in 


some  instancee,  7  or  8  feet  long,  and  20  inches  in  diameter,  and 
contain  the  grooves  for  square  billets  down  to  2  inches,  and  also 
flat  grooves  for  rough  bars.  This  arrangement  is  objectionable, 
inasmuch  as  long  rollers  are  very  liable  to  breakage.  We  find, 
therefore,  this  number  of  grooves  more  commonly  distributed  over 
two  pairs  of  rollers,  of  which  one  is  for  flat  bars,  and  the  other  for 
those  which  are  square,  or  nearly  so.  The  rollers  are  driven  by 
two  pinions,  P  P,  which  are  firmly  located  in  a  pair  of  standards, 
and  protected  by  a  screen  against  accidental  injury.  Pinions  of 
this  kind  are  very  liable  to  break,  and  much  ingenuity  has  been 
shown  in  their  construction,  calculated  to  increase  their  durability. 
Nevertheless  the  simplest  form  appears  to  be  the  best;  good, 
tough,  cast-iron,  cast  in  dry  sand  or  loam,  and  a  strong  and  judi- 
cious form  of  cogs,  make  as  good  pinions  as  any  ingenuity  can 
devise.  The  power  of  the  st«am  engine  is  applied  at  F,  and  gen- 
erally drives  the  lower  pinion.  Roughing  rollers  are  chiefly  used 
to  reduce  blooms  into  bars,  and  if  these  are  intended  to  be  piled, 
or  fagoted,  they  are  formed  into  flat  bars,  from  S  to  6  inches  wide, 
f  to  1  inch  in  tliickness.  Iron  which  is  not  intended  to  be  refined 
by  piling,  is  drawn  into  billets  of  IJ  or  Ij  inches.  These,  when 
reheated,  are  drawn  into  small  hoops,  or  small  rods.  As  the  heat 
emitted  from  the  hot  iron  soon  heata  the  rollers,  and  aa  the  jour- 
nals of  the  rollers  ought  to  be  lubricated,  a  small  stream  of  water 
is  coostantly  running  from  a  pipe  over  head  to  the  pans  of  the 
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journals,  which  keeps  them  sufficiently  oool  to  retain  grease. 
The  number  of  revolutiona  of  roughing  rollers  in  a  minute  is  irom 
30  to  60,  according  to  the  size  of  the  rollers  and  the  dexterity  of 
the  workmen.  As  the  iron  rolled  is  generally  heavy,  it  requires 
very  httle  tune  to  pass  through ;  and  there  is  no  harm  done  in 
working  the  rollers  fest  Where  a  rotary  squeezer,  and  double 
puddling  furnaces  are  used,  the  length  of  a  heat  depends  on  the 
roIleiB,  and  as  the  shortest  time  is  the  most  profitable  to  the  work, 
it  is  advantageous  to  run  the  rollers  as  fast  as  circumstances  will 
permit.  A  rotary  squeezer  of  4  feet,  should  make  12  revolutions 
in  a  minute,  and  16  inches  roughing  rollers  at  least  40,  although 
50  would  be  better.  These  rollers  belong  to  the  forge ;  they  re- 
ceive the  hot  blooms  from  the  squeezer  or  hammer,  and  transform 
them  in  the  same  heat  into  bars.  The  form  of  the  groovea  which 
receive  the  blooms  is  elliptical,  of  which  the  short  axis  is  in  the 
vertical  direction.  The  decrease  of  the  grooves  is  generally,  on 
an  average,  from  15  to  10,  or  15  to  11  in  section;  for  heavy  iron, 
and  blooms,  it  may  be  from  3  to  2,  that  is,  a  bar  in  the  first 
groove  2  feet  long,  may  be  in  the  next  3  feet  long. 

In  fig,  298  we  show  a  section  of  a  two-rolled  train  and  bous- 


ing, such  as  is  used  in  the  mill  for  drawing  iron  rods  of  more 
than  an  inch  in  thickness.     These  do  not  materially  difier  from 
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the  roughing-roller,  except  in  being  smaller,  about  40  inchefl 
long  and  14  inches  in  diameter.  They  run  with  a  velocity  of 
80  or  90  revolutions  per  minute.  We  observe  here  the  guards 
Q  G,  which  are  applied  to  flat  grooves  only  and  at  the  lower  roll- 
er, because  there  the  iron  is  most  liable  to  curl,  or  run  round  the 
roller.  The  aprons  A  A,  are  applied  in  the  same  manner  as  to 
the  rough  rollers. 

For  rolling  iron  smaller  than  one  inch,  round  or  square,  three 
rollers  are  put  in  the  standards,  one  above  the  other,  as 
shown  in  fig.  299.  These  ar«  only  8  in- 
ches in  diameter,  and  revolve  at  least  120 
times  in  a  minute.  The  hot  iron  bar  being 
rather  small  in  size,  cools  rapidly  and  must 
pass  quickly  through  the  rollers ;  and, 
in  order  to  lose  no  time  in  handing  the 
rod  over  the  top  roller,  it  is  passed  between 
that  and  the  middle  one,  and  there  receives  a 
drawing  as  well  as  below  that  roller.  Small 
iron,  such  as  inch  hoops,  half-inch  rod,  wire 
rods,  are  drawn  between  rollers  of  5  or  5i 
inches  in  diameter.  These  move  with  great  I 
rapidity,  making  from  300  to  400  revolutions  | 
per  minute. 

The  form  of  grooves  in  rollers  depends,  of  course,  on  the  form  or 
section  required  for  the  finished  bar.  For  square  iron,  each  roller 
receives  a  triangular  groove ;  for  round  iron  a  semicircular  one, 
and  flat  iron  b  formed  entirely  in  the  lower  or  middle  roller. 
Other  sections  are  so  arranged  that  a  gradual  compression  of  a 
square  pile  or  fagot  will  fill  each  subsequent  groove  perfectly.  In 
all  instances  the  grooves  arc  not  perfectly  of  the  form  which  the 
iron  is  to  receive ;  the  horizontal  axis  is  always  larger  than  the 
vertical  one;  because  rollers  recede  a  little  on  passing  a  rod 
through.  The  joint  of  the  rollers  also  forms  a  wire-edge,  which 
is  to  be  pressed  down  by  vertical  pressure.  In  some  rolhng  mills 
it  is  usual  to  make  the  top  roller  larger  in  diameter  than  the 
bottom  one,  by  which  means,  it  is  asserted,  curling  is  prevented; 
also  more  straight  bars  are  obtained  than  in  rollers  of  equal  diam- 
eter. These  precautions  are  unnecessary ;  well-turned  or  smooth 
rollers,  properly  guarded,  make  the  best  bars,  and  do  not  curl  the 
iiop. 

Qmeral  arrangement  of  BdUera. — In  fig.  800,  a  train  of  mer- 
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chant,  or  mill-rollers,  is  aliovn  in  elevation.  The  arrangement  is 
in  the  usual  form.  At  one  end  is  the  master-wheel  and  the  flj- 
vheel,  and  two  pairs  of  rollers  in  a  train.  These  maj  be  ^ther 
for  sqnare,  or  round,  or  any  other  form  of  iron ;  or,  as  represented, 


they  may  be  used  for  sheet-iron,  or  nail  plates.  The  velocity  is 
the  same,  and  by  changing  the  rollers  in  the  standarda  any  form 
of  iron  may  be  manufactured  in  the  same  train.  On  the  opposite 
end  of  the  fly-wheel  shaft  another  train  of  rollers  is  generally  ap- 
pended, so  that  one  fly-wheel  serves  for  two,  or,  in  fact,' three  or 
four  trains  of  rollers,  each  of  a  different  velocity  from  the  other. 
When  a  steam  engine  furnishes  the  driving  power,  the  crank  of 
the  engine  is  generally  on  the  fly-wheel  shaft,  and  one  or  two 
master-wheels  drive  the  various  trains. 

Tlic  engraving,  fig.  301,  shows  the  general  arrangement  of  a 
rolling  mill  in  plane.  The  steam  engine  is  placed  in  the  centre 
of  the  building,  at  A,  surrounded  by  a  strong  raihng.  At  one 
side  of  the  engine,  at  B,  is  the  train  of  roughing  rollers  for  the 
puddling  furnaces.  At  C  there  is  a  rotary  squeezer,  D  D  re- 
present puddling  furnaces,  so  arranged  that  the  steam  generated 
at  them  maybe  conducted  conveniently  in  the  steam  pipe  S  to  the 
en^ne.  The  opposite  side  of  the  building  is  occupied  by  the 
merchant  mill.  A  train  of  rollers  E,  may  be  either  for  heavy  iron, 
such  as  merchant  bars  and  rails,  or  sheet-iron,  &c.  This  train  is 
nearest  to  the  fly-wheel,  because  it  requires  most  power.  A  train 
of  three  rollers  F,  for  common  bar,  may  be  driven  by  an  under- 
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gronnd  shaft;  either  in  the  same  direction  as  the  train  E,  or 
located  so  that  more  room  around  the  rollers  is  obtained.  A 
fourth  train  of  small  rollers  for  small  iron,  hoops,  or  wire  rods, 


Fio.  301. 


#•«•«*■ 


mmm 


H 


I 

F 


may  be  appended  in  the  same  direction.  G  G,  &c.,  are  reheating 
furnaces,  located  in  the  same  range  with  the  puddling  furnaces, 
so  as  to  form  a  communication  of  their  steam  pipes  conveniently 
with  those  of  the  puddling  furnaces.  Shears  are  placed  at  H  H, 
which  occupy  the  space  between  the  merchant  mill  and  the  forge, 
so  that,  in  transporting  the  rough  bars  from  the  rough  rollers  B, 
to  the  DMll-side,  no  delay  is  caused  or  labor  wasted.  The  oppo- 
site side  of  the  mill  behind  the  rollers  is  an  open  space  not  occu- 
pied by  any  machinery ;  it  is  entirely  devoted  to  storing  iron, 
shearing,  and  bundling.  There  are  as  many  varieties  of  plans 
as  there  are  mills  in  existence,  but  the  one  described  has  been 
most  recently  adopted ;  and  it  may  be  considered  one  of  the  most 
perfect  and  approved  plans  of  distributing  machinery  and  furnaces 
in  a  rolling  mill. 

Slieet  Rollers, — For  the  formation  of  sheets,  plain  cylindrical 
rollers  are  used,  such  as  are  represented  in  fig.  302.  Whatever 
the  dimensions  of  the  sheets  may  be,  the  principle  in  these  rollers 
is  the  same ;  they  differ  merely  in  dimensions,  and  some  minor 
arrangements.  Such  rollers  as  are  in  use  are  6  feet  in  length, 
and  20  inches  in  diameter,  or  they  may  be  even  longer  and  larger. 
89 
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Some  are  10  or  12  inches  in  length  and  of  a  correspondhig  diame- 
ter, for  polishing  hoops  and  small  nail  plates.  For  rolling  light 
sheets,  or  hoops,  the  top  roller  is  generally  loose,  and  driven  b; 


the  bottom  one,  which  of  course  causes  a  concus^n  aAer  pssaing 
a  sheet.    In  order  to  modify  the  shock,  which  is  often  the  cause 


of  breaking  a  roller,  the  top  one  is  balanced  bj  a  counterweight, 
which  nearly  equalizes  its  weight  This  counter-weight  is  located 
belotr  ground,  and  by  means  of  levers  connected  with  the  bear- 
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ings  of  the  journals.  When  heaTj  sheets  formed  of  slabs,  which 
are  in  many  instances  3  or  4  inches  thick,  are  to  be  rolled,  the 
balance  weight  is  not  sufficient  to  prereut  concussions.  In  these 
instances,  a  wooden  wedge  is  passed  before  and  after  the  slab, 
and  as  the  rollers  work  slow,  there  is  little  objection  to  this  mode 
of  operation.  This  requires  expert  workmen,  and  causes  acci- 
dents notwithstanding.  Another  means  by  which  to  work  heavy 
slabs,  ia  to  connect  the  upper  roller  by  pinions  with  the  driving 
power,  like  common  grooved  roilera,  and  to  connect  the  bearings 
of  the  top  roller  with  the  standard-screw.  A  superior  arrange- 
ment of  this  kind  is  shown  in  fig.  303,  where  the  two  screw-bolts 
connected  with  the  standard-sorew  lift  the  roller,  and  lower  it 
merely  by  turning  the  standard-screws.  A  p^ate  resting  on  a 
collar  of  the  latter  screw,  carries  the  weight  ai  the  roller,  and 
moves  up  and  down  with  that  screw.  The  means  employed  for 
turning  the  heavy  pinch  or  standard-screws,  such  as  cog-wheels, 
as  shown  in  fig.  304,  are  various.     But  the  difficulty  in  having 


such  machinery  so  adjusted  that  each  end  of  the  roUer  will  move 
exactly  through  the  same  distance  by  every  motion  of  the  wheels, 
is  so  great,  that  very  little  use  is  made  of  such  improvements.  A 
plain  cro89:wrench  on  each  screw  is  in  most  cases  preferred  by 
the  workmen. 

Rollers  are  generally  cast  of  strong  No.  2  cast-iron.  Gray 
iron  is  too  soft  to  resist  the  pressure  of  the  bars  or  sheets.  White 
iron  ia  too  brittle  and  hard  for  common  rollers.    The  durability 
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of  these  rollers  depends  on  the  strength  of  the  cast-iron ;  the  best 
of  its  kind  is  never  too  good  for  rollers.  As  a  marketable  iron 
should  show  a  smooth  sur&ce,  finishing  rollers  are  cast  of  a  close- 
grained,  compact  article.  It  is  rather  preferable  to  make  rough 
rollers  of  a  coarse-grained,  or  coarse-mottled  iron.  Boilers  bite 
more  readily  when  rough ;  and  as  a  rough  surface  does  no  harm 
in  roughing  down  the  bars,  the  iron  for  such  rollers  may  be  of  a 
coarse  but  strong  kind.  In  order  to  make  rollers  bite,  they  are 
jagged  over  by  means  of  a  chisel — made  rough  like  a  rasp.  This 
is  an  unnecessary  labor ;  when  the  decrease  of  the  grooves  is  not 
too  rapid,  the  rollers  bite  suflBiciently. 

As  the  surface  of  rolled  metal  is  a  correct  fac  simile  of  the 
surface  of  the  rollers ;  and  as  some  rods — ^particularly  sheets — ^re- 
quire a  smooth,  even  a  polished  surface,  the  rollers  which  are 
to  impart  that  surface  must  be  smooth  or  polished.  There  is  no 
difficulty  in  polishing  any  kind  of  cast-iron  roller ;  but  as  the 
pressure  of  the  metal  upon  the  rollers  is  very  strong,  it  requires 
hard  and  close-grained  cast-iron  to  form  good  hard  rollers.  Those 
of  this  kind  are  cast  in  iron  chills,  so  as  to  cool  their  surfaces 
rapidly,  which  causes  the  iron  to  crystallize  and  be  hardened. 
This  operation  is  based  on  the  same  principle  as  the  harden- 
ing of  steel.  Any  kind  of  cast-iron  may  be  hardened  by  these 
or  similar  means ;  white  iron,  of  course,  will  form  the  hard- 
est surface.  But  as  it  is  too  weak  for  rollers,  and  gray  iron  too 
porous,  mottled  iron  is  the  only  metal  which  can  be  used  to 
advantage  for  hard  rollers.  A  fine-grained,  pure,  strong  iron, 
melted  hot  and  in  a  reverberatory  furnace,  or  which  is  still  better, 
in  a  hot  charcoal  blast-furnace,  is  most  suitable  for  this  purpose. 

Thin  sheets,  of  a  highly  polished  surface,  receive  their  finish- 
ing when  nearly  cold ;  the  rollers  must  be,  therefore,  very  strong 
to  resist  such  a  severe  pressure.  Hot  iron  may  assume  a  polished 
surface,  but  so  long  as  it  is  red-hot  it  is  liable  to  oxidation  ;  and 
the  finest  face  will  be  covered  by  a  velvety  film  of  oxide  in  being 
thus  finished. 

The  strong  power  applied  to  rollers,  and  the  necessity  of  work- 
ing with  sufficient  force,  makes  it  a  matter  of  economy  to  employ 
the  best  kinds  of  cast-iron  in  rolUng-mill  machinery.  The  di- 
mensions of  the  rollers  are  limited,  and  cannot  be  increased 
without  inconvenience — so  are  those  of  the  housings,  shafts, 
junction-pinions,  junction-shafts,  coupling-boxes,  plummer  blocks, 
gudgeons,  cog-wheels — and,  in  fact,  most  parts  of  the  machi- 
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nety.  Breakages  cause  not  only  a  direct  loos  in  the  part  broken, 
but  the  whole  establishment  may  be  deranged,  and  severe  loas 
incurred  by  the  mere  fracture  of  a  junction-shaft  or  a  coupling- 
box.  No  roller  should  be  worked  without  a  rider,  so  that  it 
may  break  and  not  injure  other  parts  of  the  machineiy.  In  a 
well-managed  mill,  all  breakages  occur  either  in  the  riders  or 
coupling-boxes. 

Shears. — The  rough  bars,  as  they  are  furnished  by  the  rollers 
of  the  forge,  are  cut  into  convenient  lengths  for  piling  and  sub- 
sequent welding.  According  to  the  aize  of  finished,  or  mill-bars, 
the  rough  bars  are  cut  into  lengths  of  from  6  inches  to  3  feet,  and 
even  longer  for  some  kinds  of  heavy  nails  or  rods.  Shears  are 
9Qt  in  motion  by  the  driving-power,  either  with  a  crank,  as  shown 
in  fig.  S05,  or  by  an  eccentric  wheel  at  B.    This  madiine  is  en- 


tirely constructed  of  cast-iron.  The  cutting  edges,  which  are 
from  12  to  15  inches  long,  are  of  cast^stfiel,  and  aerewed  to  the 
frame  by  means  of  bolts  which  pass  through  the  blades.  This 
kind  of  shears  is  used  for  trimming  merchant  bars  2  inches  thick 
and  smaller,  as  well  as  for  rough  and  mill-bars.  Heavy  bars  and 
rails  are  trimmed — the  fagot-ends  cut  off — by  means  of  circu- 
lar saws  while  the  bars  are  yet  red-hot.  Such  saws  are  circular 
sheets  }  of  an  inch  in  thickness,  about  S  feet  in  diameter,  and 
they  are  driven  with  a  velocity  of  700  revolutions  per  minute. 
They  may  be  either  of  sheet-iron  or  steel ;  if  the  blade  is  kept 
cool  while  at  work,  one  is  as  good  as  the  other. 

The  varying  angle  of  the  cutting  edges  in  these  shears, 
which  is  objectionable — particularly  in  trimming  sheet-iron — has 
led  to  tte  construction  of  a  kind  in  which  this  imperfection  is 
avoided.  In  fig.  306,  a  simple  arrangement  is  shown,  by  which 
a  lever-shears  is  made  to  cut  a  length  of  2  feet,  and  more,  under 
an  equal  angle.    The  blades  are  straight,  and  the  distance  from 
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them  to  the  fuloram  is  short.     Shank  and  shear-block  most  be  of 
good  iron,  because  they  cannot  be  made  very  heavy. 


A  more  perfect  form  of  this  kind  of  shears  is  shown  in  fig. 
307,  which  is  a  front  view.     The  lower  blade  is  firmly  fastened 
to  a  strong  cast-iron  frame ;  and  the  upper  one  is  set  in  such  a 
^  manner  as  to  have  a  perfectly 

parallel  motion  by  two  cranks 
located  above.  The  crank-shaft 
is  driven  by  a  belt  and  pulley, 
and  the  motion  r^^ated  by  a 
small  fly-wheel.  This  machine 
may  be  driven  with  great  speed, 
making  from  100  to  120  cuts 
per  minute.  It  is  extremely 
well  adapted  for  shearing  nail 
plates,  or  light  sheet-iron.  The 
blades  may  be  extended  to  al- 
most any  length,  without  inter- 

.  iering  with  the  ffood  effects  of 

mnmfmmri'--  .hemachme. 

Rthfating  Furnaces.- — Rougli  bars,  or  mill-bars,  when  the  iron 
is  twice  refined,  are  fagoted  and  the  piles  thus  formed  exposed 
to  a  welding  heat  in  a  reverberatory  furnace.  These  furnaces,  as 
shown  in  fig.  308,  are  not  essentially  different  from  a  puddling 
furnace.  The  hearth  is  not  often  longer  than  4  or  5  feet;  it 
slopes  rapidly  towards  the  flue,  which  is  necessary  in  order  to 
preserve  it  dry  and  hard.  The  hearth  S  is  formed  of  a  layer  of 
coarse,  pure  siHcious  sand,  which  is  partially  renewed  two  or 
three  times  every  day.  The  hot  iron  in  contact  with  the  sand- 
bottom  forms  silicate  of  iron,  which  flows  down  Into  the  flue  F, 
and  is  tapped  from  it  occasionally.  A  furnace-hearth  of  4  feet 
in  width,  and  equally  as  long,  will  reheat  about  2  or  3  tons  of 
iron  in  12  hours.  A  furnace  7  feet  in  width  and  length,  will 
heat  from  7  to  8  tons  in  equal  time.     These  quantities  depend 
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very  much  on  the  size  of  the  iron,  and  the  rapidity  -with  which 
the  mill  will  work  it  The  degree  of  heat  imparted,  depends  on 
the  kind  of  iron ;  it  must  be  perfectly  welded  in  all  cases.  Weak 
iron  cannot  bear  bo  much  heat  as  strong  iron.  The  amount  of 
iron  charged  at  once,  varies  with  the  size  of  the  piles  or  billets ; 
from  300  weight  to  one  ton  forms  a  charge.     The  interior  of  the 


furnace  must  be  constructed  of  the  best  kind  of  fire-bricks,  be- 
cause it  must  bear  the  highest  heat  produced  in  any  metallurgical 
operation. 

The  kind  of  fuel  and  the  mode  of  heating  this  furnace,  has  an 
important  eflect  on  the  work  which  it  performs.  Wood  is  the 
very  worst  kind  of  fuel  which  can  be  used ;  the  large  quantity 
of  water  and  hydrogen  contained  in  it,  notwithstanding  it  is  kiln- 
dried,  causes  a  heavy  loss  in  iron.  With  the  greatest  caution, 
iron  cannot  be  welded  by  wood  with  less  than  10  per  cent  waste; 
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12  to  15  per  cent,  are  common.  Bituminous  coal  is  xnoei  gene* 
rally  used ;  experience  shows  that  it  is  not  the  best  fuel,  £>r  the 
waste  in  iron  with  it  is  not  often  less  than  5  per  oeut,  aiid  on  an 
average  8  per  cent  Anthracite  coal  has  been  found  to  be  the 
best  in  the  reheating  furnace.  This  may  be  owing  partly  to  the 
use  of  blast ;  but  there  is  no  doubt  the  chemical  composition  of 
the  coal  has  some  influence  on  the  result.  For  we  find  that  in 
burning  bitimiinous  coal  in  the  same  furnace,  when  it  is  fed  by 
blast,  the  yield  is  not  so  good  as  with  hard  coal.  Iron  may  be 
welded  by  anthracite  coal  with  an  average  loss  of  S  per  cent. ; 
400  pounds  of  coal  are  required  to  a  ton  of  iron,  and  fis»t  work 
by  using  strong  fan-blast.  The  same  amount  of  iron  requires 
from  500  to  half  a  ton  of  soft  coal,  or  nearly  a  cord  of  kiln-dried 
wood. 

Piles  thus  welded  are  taken  to  the  rollers  and  converted  into 
marketable  iron.  Fagots  for  heavy  iron,  such  as  rails  and  heavy 
bars,  must  be  provided  at  the  top  and  bottom  with  mill-bars,  so 
as  to  resist  the  stronger  heat  on  the  exterior.  Mill-bars  are  those 
which  have  been  welded  once,  and  drawn  into  flat  bars  in  the 
roughing  rollers.  Iron  designed  for  sheet-iron  is  also  frequently 
rolled  into  broad  flat  mill-bars ;  these  are  then  merely  heated  in 
a  stove  to  a  cherry-red  heat,  and  rolled  into  sheets. 

In  former  pages  we  have  alluded  to  the  welding  operation  as 
being  a  refining  process — it  is  simply  so,  because  the  iron  is 
heated,  and  thereby  a  further  oxidation  of  its  impurities  effected; 
and  besides,  the  iron  is  forced  into  longitudinal  forms,  which 
cause  its  crystals  and  fibres  to  be  elongated.  In  England,  this 
operation  is  expressly  resorted  to  for  the  very  purpose  of  refining; 
it  is  not  so  in  this  nor  in  any  other  country.  When  iron  is  care- 
lessly puddled,  there  is  a  necessity  of  refining  the  bars ;  but  on 
well  worked  iron  no  improvement  is  perceptible.  However,  if  in 
this  operation  iron  can  be  improved,  we  ought  to  aim  to  accom- 
plish it.  The  only  way  in  which  iron  thus  heated  may  be  made 
stronger  is  by  oxidation,  lamination,  and  judicious  mixture.  Ox- 
idation is  effected  on  carbon  and  on  silicon,  for  which  the  heat 
should  be  gradual,  and  not  higher  than  is  actually  necessary  for 
welding  the  various  parts  of  a  fagot  together.  A  plentiful  sup- 
ply of  oxygen,  or  air,  is  therefore  necessary  under  the  grate ;  and, 
as  a  strong  draught  is  required  for  this,  the  advantages  of  high 
chimneys  on  reheating  furnaces,  or  of  a  strong  blast,  are  accounted 
for.    A  furnace  of  this  kind  has  a  stack  of  at  least  forty  feet  high, 
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or  as  much  blast  as  two  puddling  furnaces.  The  atmospheric  air 
passing  through  the  grate  is  only  half  consumed,  and  goes  un- 
burnt  through  the  furnace :  this  accounts  for  the  saving  of  fuel 
effected  by  blast,  in  proportion  to  that  in  a  fiirnace  with  natural 
draught  The  operation  must  be  so  conducted  that  a  sufBcient 
degree  of  heat  is  produced  without  having  much  coal  in  the  grate. 
Fresh  coal  is  charged  when  the  iron  is  so  far  heated  that  a  longer 
exposure  would  cause  the  burning  of  much  of  it.  From  one  hour 
to  one  hour  and  a  half  ought  to  be  the  time  for  a  heat;  less  time 
or  faster  work  will  cause  much  waste. 

Lamination  is  a  powerful  means  of  improvement ;  it  causes 
equalization  and  fibre.  It  is,  therefore,  not  profitable  to  make 
heavy  rough  bars ;  nothing  is  gained  by  it,  but  much  may  be 
lost.  Hough  bars,  of  |  x  3  inches,  or  f  x  3i  inches,  ought  to  form 
the  limits  for  them,  or  mill  bars  which  are  to  be  re-heated.  Cuts 
for  the  formation  of  fagots  should  be  short,  so  as  to  afford  a 
large  number  in  a  pile ;  and  in  thus  causing  the  pUes  to  be  short, 
a  greater  number  will  find  room  in  the  reheating  furnace.  It  is 
a  fact  too  well  known  by  iron-makers,  that  lamination  is  of  great 
benefit  to  quality ;  still  it  is  sometimes  not  so  much  attended  to 
as  it  ought  to  be,  particularly  in  the  case  of  coarse  iron. 

Mixing  of  iron  is,  on  general  principles,  advantageous;  here 
it  is  particularly  serviceable.  In  the  best  regulated  establish- 
ments the  iron  is  not  so  uniform  in  quality  in  the  rough  bars  as 
to  make  a  promiscuous  use  of  them  profitable.  All  rough  bars 
should  be  tried  and  classified  into  two  or  three  kinds,  viz.,  short, 
middle,  and  strong  iron.  The  first  quality  for  small  iron  and  thin 
sheets,  the  second  for  common  bars,  and  the  third  for  heavy 
ones ;  or,  where  but  one  kind  of  iron — say  small  rods,  or  railroad 
iron,  or  sheets — are  manufactured,  the  strong  iron  should  be  placed 
in  alternate  layers  with  the  weak  iron.  A  pile  composed  of  short 
bars  will  invariably  make  short  iron ;  strong  rough  bars  may  form 
good  iron,  but  a  well  regulated  mixture  of  weak  and  strong  iron 
will  produce  the  best  bars  or  sheets. 

In  fig.  309  we  represent  a  machine  for  breaking  rough  bars, 
which  is  used  in  one  of  the  best  mills.  A  cast-iron  drop  A,  is 
raised  about  15  or  16  feet,  and,  on  being  unlocked,  falls  down 
upon  the  fastened  bar  B,  and  either  will  break  or  bend  it.  The 
drop  is  about  100  lbs.  in  weight ;  the  bar  is  wedged  upon  a  block 
C,  of  cast  iron. 

The  manner  in  which  iron  is  fagoted  has  thus  a  decided  in- 
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fluence  on  the  quality  of  the  bars  manufactured.  The  mode  of 
reheating  it  is  another  means  of  improvement.  If  it  must  be 
considered  profitable  to  reheat  puddled  or  impure  iron  slowly,  it 

is  not  so  with  strong  or  pure  iron, 
which  must  be  heated  quickly. 
A  long  exposure  to  heat  will 
cause  it  to  be  brittle  when  hot, 
and  rotten  when  ooM.  Strong 
iron  requires  a  qtiick  heat  and 
rollers  that  move  &bL  Cold, 
short  puddled  iron  forms  good 
hoops,  and  also  a  good  quality 
of  small  rods ;  it  is  better  suited 
for  this  purpose  than  strong  iron. 
But  short  iron  is  not  good  for 
slit  rods ;  it  is  also  inferior  for 
common  and  heavy  bar.  Weak 
iron  ought  to  be  used  for  those 
kinds  of  merchantable  articles 
which  are  subjected,  in  the  course 
of  their  manufacture,  to  repeated 
reheating  and  drawing,  such  as 
all  small  iron  and  their  sheets.  Strong  iron  should  be  used  for 
heavy  bars  and  heavy  sheets,  nail-plates,  and  slit  iron.  Of  the 
latter  article,  and  the  mode  of  its  manufacture,  we  have  omitted 
to  speak,  because  but  little  is  manufactured  and  used.  Small 
rods  are  preferable  to  slit  iron ;  and,  for  these,  cold  short  boiled 
iron  is  a  first-rate  material. 

Stoves. — When  iron  has  been  welded,  and  is  sound  throughout 
its  body,  it  requires  merely  a  high  cherry-red  heat  for  all  subse- 
quent operations.  As  in  reheating,  so  here,  a  weak  puddled  iron, 
or  weak  iron,  generally  requires  a  slow  heat ;  and  strong  or  char- 
coal iron,  a  quick  heat  in  the  stove.  For  some  kinds  of  work, 
such  as  small  iron,  light  sheets,  and  hoops,  a  common  reheating 
furnace  is  used,  which  is  often  of  considerable  size,  and  provided 
with  two  doors,  as  shown  in  fig.  310.  The  hearth,  in  this  case,  is 
about  8  feet  long  and  5  feet  wide.  The  fire-bridge  about  8  inches 
high,  and  the  roof  15  inches ;  ^yhile,  in  common  reheating  fur- 
naces, the  roof  is  not  often  more  than  12  inches,  and  the  fire-bridge 
4  inches  high.  A  strong  draught  is  not  required,  but  the  apph- 
cation  of  blast  is  very  advantageous.    In  fact,  no  reheating  fur- 
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nace,  or  atove  of  any  kind,  should  be  worked  without  blast,  even 
if  its  application  at  puddling  furnaces  is  disregarded.  Any  com- 
mon reheating  fiiniace  may  be  used  as  a  stove  when  its  flue-is 


contracted.  The  hearth  of  a  reheating  furnace  forms  a  flue  from 
the  fire-bridge  to  the  stack.  This  flue  may  be,  for  reheating,  as 
wide  as  the  space  over  the  flre-bridge.  If  the  furnace  is  to  be 
used  as  a  stove,  the  hearth  near  the  stack  is  raised  by  sand,  in 
order  to  retain  the  heat  on  it  A  reheating  furnace  is  made  to 
work  faster  or  slower  by  widening  or  narrowing  the  flue.  This 
principle  is  applied  at  all  reverberatoir  furnaces.  The  endoBure, 
doors,  grate,  stack,  and  other  arrange- 
ments at  a  reheating  furnace,  are  simi- 
lar to  those  of  a  puddling  furnace. 

When  sheets  have  become  of  such 
a  size  that  a  reheating  furnace  cannot 
be  used  for  heating  them  again,  a  stove 
with  a  high  roof  is  employed,  in  which 
they  may  be  set  edgeways.  The  cut, 
fig.  811,  shows  a  vertical  cross  section 
of  a  stove  for  sheets.  The  height  of 
the  arch  from  the  hearth  must  be  some 
inches  more  than  the  width  of  the  sheets, 
and  the  length  of  the  stove  a  little  more 
than  their  greatest  length.  A  stove  is 
a  mere  annealing  apparatus;  the  heat 
applied  is  a  brown  red,  and  the  flame 
draws  slowly  along  the  roof,  so  as  to 
touch  the  sheets  as  little  as  possible. 
They  are  frequently  turned  while  in  the 
stove,  in  order  to  impart  the  heat  uniformly.  As  this  operation  is 
also  an  act  of  annealing,  it  ought  to  be  performed  slowly,  and  all  the 
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oxygen  which  pasaea  throogh  the  fuel  should  be  consumed.  A  large 
grate  and  sluggish  draught  is  therefore  advantageous.  In  some 
instances  the  door  A,  which  ia  a  plain  cast-iron  plate,  sliding  up 


and  down,  is  within  the  chimney,  where  all  the  smoke  escapes. 
The  plan  which  is  represented  affords  advantages  for  faster  work. 
Its  operation  is  very  simple.  When  the  furnace  is  heat«d  thor- 
oughly to  a  high  red  heat,  and  sufficiently  charged  with  fuel,  the 
register  of  the  chimney  is  shut,  the  sheets  are  charged,  and  the 
door  is  shut  The  iron  is  thus  slowly  heated,  and  when  brown- 
hot  at  the  top,  the  sheets  are  turned,  and  their  lower  edge  expoaed 
to  the  stronger  heat  near  the  roof. 

Heavy  sheets,  such  as  boiler  plates,  are  generally  rolled  down 
at  a  single  heat  from  the  furnace.  This  stove  is  used  only  for 
those  sheets  which  cannot  be  reduced  in  one  heat,  and  require 
annealing.  Two,  three,  or  more  of  these  sheets  are  passed  through 
the  rollers  together ;  and,  as  it  may  happen  that  they  will  adhere 
together  when  he.-iU.-d  too  strongly,  an  excessive  heat  should  not 
be  imparted  to  them.  They  must  be  also  uniformly  heated,  be- 
cause the  hottest  parts,  being  softer,  will  stretch  more  on  being 
rolled  than  the  cold  parts.  In  order  to  prevent  their  adhesion 
together,  and  to  equalize  the  beat,  they  are  separated,  and  their 
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surfaces  of  contact  changed  after  having  twice  passed  between  the 
rollers. 

Particular  attention  should  be  paid  to  heating  sheets.  K  oxy- 
gen or  vapors  of  water  issue  from  the  fire,^or  atmospheric  air 
finds  access  to  the  interior  of  the  stove,  the  sheets  form  crusts  bf 
oxide,  which  causes  a  serious  loss  of  iron ;  and,  as  this  oxide  ad- 
heres firmly  to  them,  it  gives  them  a  rough  and  uncouth  appear- 
ance. Not  more  than  one  per  cent,  of  loss  in  iron  should  occur 
in  rolling  sheets,  even  if  the  scraps  or  trimmings  are  not  deducted 
from  the  weight.  Hot  short  iron  should  never  be  used  for  thin 
sheets — there  is  much  loss  in  trimming  it.  Cold  short  iron  forms 
good  sheets,  and  yields  well.  Most  kinds  of  sheet  iron  are  finally 
annealed ;  this  is  performed  in  the  stove,  which,  after  it  has  been 
thoroughly  heated  and  the  grate  well  supplied  with  coal,  is  closely 
charged  with  them,  when  all  doors  are  shut,  so  that  no  air  may 
find  access,  and  it  is  left  to  cool  gradually.  In  order  to  lose  little 
time  and  heat  in  this  operation,  the  stove  is  filled  in  the  evening 
and  discharged  in  the  morning. 

Oost  of  making  Iron. — The  expenses  incurred  in  manufactur- 
ing iron  are,  as  a  matter  of  course,  very  variable,  and  the  follow- 
ing estimates  are  by  no  means  generally  applicable.  Iron  ore  is 
obtained  in  some  localities,  at  75  cents  a  ton,  of  2240  pounds ; 
at  other  establishments  the  same  quantity  costs  $4,  and  even  a 
higher  price  is  paid.  The  cost  of  ore,  until  it  reaches  the  top  of 
the  blas^ftLmace,  ought  to  be  calculated,  and  for  a  quantity  suf- 
ficient to  smelt  a  ton  of  iron,  because  some  ores  are  attended  with 
considerable  expense  in  the  yard  for  roasting  and  cleaning.  And 
as  the  quality  of  ore  thus  brought  to  the  top  has  a  decided  influ- 
ence on  the  cost  of  smelting,  it  follows  that  refractory  ores  are  not 
so  cheap  to  the  smelter,  at  the  same  price,  as  ftisible  ores.  Hema- 
tites and  all  hydrated  oxides  work  cheaper  in  the  furnace ;  the 
next  are  the  native  oxides,  the  roasted  oxides,  the  carbonates,  mag- 
netic oxides,  impure  carbonates  and  silicates.  At  the  same  prices 
a  quantity  of  hematite  ore,  which  is  sufficient  for  smelting  a  ton 
of  iron,  is  cheaper  to  the  smelter  than  a  similar  amount  of  mag- 
netic or  roasted  argillaceous  ore.  The  facilities  for  smelting  some 
kinds  of  ore  so  much  exceed  those  for  others,  that  a  marked  dif- 
ference in  price  is  no  objection  to  using  the  most  expensive  kind. 
While  one  kind  of  ore,  in  a  sufficient  quantity  for  smelting  a  ton  of 
iron,  is  expensive  at  $8,  another  kind  may  be  cheap  at  $8  or  $10. 
But  i^  in  these  instances,  the  nominally  cheap  ore  is  mixed  with 


622  METALLURGY. 

the  other,  the  mixture  is,  in  almoet  all  instances,  found  to  be  still 
cheaper.  Our  ore-beds  are  generally  extensive  and  heavy ;  ore 
is,  therefore,  generally  cheap,  and  it  is  not  uncommon  to  see  suf- 
ficient for  a  ton  of  iron  brought  to  the  smelt-works  for  $1 ;  yet 
some  furnaces  in  the  New  England  States  pay  as  hi^  as  $10  for 
the  ore  for  a  ton  of  iron.  Here  is,  therefore,  a  great  diffieienoe  in 
the  cost  of  raw  material ;  and  there  is  no  doubt,  if  those  works 
which  can  obtain  cheap  ore  use  the  same  amount  of  skDl  and  in- 
dustry as  those  which  work  refractory  or  high-priced  ore,  they 
must  have  great  advantage  over  the  latter. 

The  amount  of  flux,  which  is  in  almost  all  cases  limestone, 
varies  from  half  a  ton  to  1|  tons  to  a  ton  of  iron.  Charcoal 
furnaces  and  hot-blast  do  not  often  use  more  than  half  a  ton;  an- 
thracite or  coke  furnaces  consiune  the  largest  amount  when  blow- 
ing with  cold-blast,  and  one  ton  when  using  hot-blast  A  ton  of 
limestone  is,  in  most  instances,  furnished  to  the  furnace  at  60 
cents,  and  from  that  to  $1.  The  breaking  of  it  causes  an  addi- 
tional expense  of  from  40  to  50  cents. 

Fuel  varies  in  price  and  quality  considerably.  In  the  State 
of  New  York  we  see  a  ton  of  pig-iron  smelted  by  the  use  of  180 
bushels  of  charcoal ;  in  Pennsylania  it  is  not  done  often  with  less 
than  180  bushels ;  and  in  the  Western  States  200  bushels  and 
more  is  the  average.  The  price  paid  for  a  bushel  of  charcoal  at 
the  top  of  a  furnace,  varies  from  5  to  8  cents.  One  ton  and  three- 
quarters  of  anthracite  coal  for  a  ton  of  pig-iron  may  be  considered 
the  lowest  estimate,  and  two  tons  the  largest ;  and  as  the  price  of 
anthracite  coal  at  the  works  is  from  $2  25  to  $3  50,  the  expenses 
for  fuel  may  be  easily  estimated.  In  case  bituminous  raw  coal 
is  used  in  smelting,  an  amount  equal  to  that  of  anthracite  is  neces- 
sary ;  and  as  that  coal  may  be  bought  at  40  or  50  cents  a  ton  in 
some  of  the  localities  of  the  Western  coalfields,  the  advantages  of 
that  region  for  manufacturing  iron  are  obvious.  An  equal  amount 
of  coke  to  anthracite  is  used  for  a  ton  of  pig-iron ;  and  as  not 
more  than  60  per  cent,  of  coke  is  often  obtained  from  stone  coal, 
and  as  the  labor  for  charring  the  coal  must  be  added,  the  cost  of 
coke  iron  is  readily  computed.  The  labor  in  the  yard  and  at 
the  blast-furnace,  costs  nearly  two  dollars — this  is  at  charcoal-fur- 
naces which  use  raw  mine ;  the  roasting  of  ore  costs  about  $1 
more.  At  an  anthracite  furnace  these  expenses  are  about  the 
same,  or  rather  lower.  Smelting  a  ton  of  coke  iron,  when  the 
coking  is  included,  never  costs  less  than  $3,  and  generally  nearly 
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$4.    The  general  expenses — such  as  management,  blast,  and  in- 
terest on  capital — may  be  set  down  at  $3  per  ton  of  iron. 

The  manufacture  of  a  ton  of  blooms  directly  from  the  ore,  re- 
quires from  2^  to  3  tons  of  rich  ore,  and  from  200  to  300  bushels 
of  charcoal ;  the  labor  will  cost  $8,  and  the  general  expenses  will 
be  $2. 

A  ton  of  charcoal  blooms  takes  from.  1}  to  1^  tons  of  pig-iron, 
150  to  260  bushels  of  coal ;  the  cost  of  labor  is  from  $6  to  $10, 
and  general  expenses  about  $3.  Drawing  the  blooms  into  bars 
causes  an  additional  expense  of  about  $5  per  ton. 

Iron  may  be  refined  in  a  run-out  fire  with  a  loss  of  8  or  10 
per  cent,  the  use  of  half  a  ton  of  coke  or  60  bushels  of  charcoal, 
and  at  an  expense  of  $1  for  labor,  and  $1  for  general  expenses. 

Puddling  is  done  at  $3  to  $4  60  for  labor  per  ton  of  iron,  with 
a  waste  of  3  to  15  per  cent,  of  iron,  and  the  consumption  of  1400 
pounds  of  coal.  When  the  balls  are  shingled  by  a  hammer,  the 
hammer-man  receives  $1  per  ton.  Drawing  of  the  blooms  into 
rough  bars,  costs  about  40  cents  per  ton. 

In  reheating  from  3  to  10  per  cent,  of  iron  is  burned,  400 
pounds  to  one  half  ton  of  coal  is  used,  and  50  cents  to  $1  in 
wages  is  paid  to  the  furnace-men  per  ton  of  rolled  iron.  The 
drawing  at  the  rollers  costs  in  wages  about  $1  for  heavy  bar, 
$2  for  common  bar,  and  from  that  to  $6  for  small  iron.  These 
latter  statements  are  not  generally  exact ;  we  find  the  sums  paid 
both  lower  and  higher  at  different  places.  The  expense  of  roll- 
ing sheet-iron  cannot  hardly  be  estimated;  but  $10  for  wages 
and  fuel  per  ton  may  be  near  the  amount.  The  general  expenses 
in  a  rolling-mill  are  high ;  because  of  the  extensive  machinery 
used,  heavy  capital  employed,  and  the  vicissitudes  of  trade.  It 
may  not  be  too  high  if  we  assume  $6  as  an  average  expense  per 
ton,  although  it  is  in  most  instances  higher. 

The  amount  of  iron  produced  in  the  Ignited  States  is  esti- 
mated at  800,000  tons  per  annum.  The  labor  of  about  250,000 
persons  is  required  to  manufacture  it.  The  consumption  of  iron 
in  the  Union  is  about  1,100,000  tons  yearly— 300,000  tons  of 
which  are  imported  from  Europe.  One-third  of  all  the  iron 
manufactured  in  the  United  States,  is  produced  in  the  State  of 
Pennsylvania.  The  establishments  there  are  capable  of  producing 
500,000  tons  per  annum. 

tficheh — This  metal  is  found  in  only  a  few  places.  In  these 
respects,  and  in  regard  to  its  weak  aflinity  for  oxygen,  it  belongs 
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to  the  class  of  precious  metals.  When  pure  it  is  almost  as  white 
as  silver,  although  rather  inclined  to  a  gray  color ;  it  is  ductile 
and  malleable,  either  when  hot  or  cold.  In  its  pure  state,  also,  it 
is  as  refractory  as  any  iron  or  manganese,  and  requires  as  strong 
heat  fbr  melting  as  these  metals.  Its  specific  gravity  is  8*27  to 
8*66.  It  is  similar  to  iron  in  respect  to  magnetism,  and  resembles 
steel  more  than  pure  iron  by  retaining  a  sensitiveness  to  the  mag- 
netic current  It  has  a  capacity  for  carbon  similar  to  iron,  and 
in  many  particulars  resembles  the  latter  metal. 

Ores  of  Nickel, — This  metal  occurs  native  in  meteoric  iron, 
but  in  that  form  it  is  of  no  practical  interest.  In  most  instances 
nickel  is  combined  with  arsenic,  iron,  copper,  antimony,  sulphur, 
and  oxygen.  A  large  number  of  minerals  contain  nickel ;  but 
the  only  practically  useful  ore  is  the  following: 

Copper-NickeL — This  is  a  heavy  mineral,  its  sp.  gr.  is  7'8  to 
7*6 ;  it  is  of  a  metallic  lustre,  and  possesses. considerable  hardness; 
its  color  is  copper-red,  displaying  all  the  hues  of  the  rainbow — 
most  frequently  the  red  color  inclines  to  brown  or  gray.  The 
mineral  is  brittle,  and  its  powder  is  dark-brown.  The  composi- 
tion of  the  pure  ore  is — nickel  44,  and  arsenic  56 ;  but  it  never 
occurs  in  that  form.  Copper-nickel  always  contains  iron,  lead, 
sulphur,  and  antimony. 

All  the  nickel  ores  are  found  in  veins  in  the  old  rocks,  asso- 
ciated principally  with  cobalt.  In  fact  the  cobalt  ores  are  the 
chief  source  for  the  manufacture  of  nickel.  Copper-nickel  is 
generally  found  in  cobalt  mines — as  in  those  at  Chatham,  Conn. 
Nickel  ore  occurs  in  Lancaster  county,  Pa.,  and  in  a  variety  of 
minerals  in  Missouri.  The  chrome  mines  of  Maryland  and  Penn- 
sylvania furnish  it.  As  a  general  rule  nickel  occurs  in  silver, 
copper,  or  lead  mines,  in  cobalt  and  chrome  mines — ^particularly 
in  those  which  are  located  in  gneiss,  mica-slate,  serpentine,  and 
similar  rocks. 

Cobalt'Speise. — Wherever  cobalt-glass  is  manufactured,  a  sub- 
stance is  found  at  the  bottom  of  the  smelting-pots — called,  by  the 
Gtermans,*cobalt-speise — which  contains  large  quantities  of  nickel. 
This  substance  is  the  material  from  which  the  metal  nickel  is  e: 
tracted,  and  may  be  considered  the  only  valuable  ore.  Cobalt 
sooner  oxidized  than  nickel ;  and  if  in  smelting  smalte  all  the 
cobalt  is  not  oxidized,  we  are  certain  to  obtain  all  the  nickel  in 
the  speise.  The  residue  thus  obtained  from  smelting  smalte  is, 
as  a  matter  of  course,  not  uniform  in  composition ;  it  contains  a 
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variety  of  other  metals,  together  with  arsenic  and  sulphur.  An 
assay  of  a  German  specimen  of  cobalt-speise  contained — nickel 
49,  cobalt  8-2,  copper  1*6,  arsenic  87'8,  sulphur  7*8,  and  some  an- 
timony ;  also  sand  and  other  impurities  in  very  small  quantities. 
It  contains  also  iron  and  manganese,  and,  of  course,  the  precious 
metals  in  case  they  are  contained  in  the  crude  cobalt  ore.  The 
appearance  of  this  artificial  ore  is  similar  to  the  natural  copper 
nickel ;  it  is  crystallized  in  prisms,  and  shows  the  red  variegated 
colors. 

Alloys  of  Nickel. — This  metal  is  hardly  employed  in  its  pure 
state,  and  is  known  in  commerce  as  an  alloy  only.  Nickel  renders 
other  metals  harder  and  brittle;  its  alloys  possess  a  greater  or  less 
degree  of  whiteness,  and  are  known  by  a  variety  of  names. 
Argentan,  pack-fong,  German  silver,  electrum,  British  plate,  ajad 
others,  are  alloys  of  nickel.  An  alloy  of  copper  and  nickel  may 
be  made  as  white  as  silver ;  but  as  nickel  is  rather  expensive, 
zinc  and  iron  are  substituted  for  it,  which  in  small  quantities  are 
not  injurious  to  the  alloy.  In  large  quantities,  iron  or  zinc  render 
tie  compound  brittle. 

Argentan  is  the  most  common  alloy  of  nickel.  It  is  generally 
known  as  German  silver.  The  composition  of  this  metal  varies 
almost  indefinitely;  no  other  branch  of  alloys  has  received  so 
much  attention.  The  oldest  alloy  of  this  kind  known  among  the 
Germans,  is  the  white  copper  of  Suhl.  It  is  a  compound  of  88 
copper,  8'75  nickel,  and  1*75  iron.  Chinese  pack-fong  contains 
more  or  less  zinc,  and  is  brittle;  48*8  copper,' 15'6  nickel,  and 
40*6  zinc,  is  one  of  their  alloys.  Pack-fong  is  very  irregular,  and 
frequently  contains  besides  these  metals,  iron,  antimony,  and 
other  substances,  A  very  strong,  sonorous  metal  is  formed  of 
50  copper,  18*7  nickel,  and  81*8  zinc;  the  specific  gravity  of 
which  is  8*55.  French  maillechort,  a  very  ductile  alloy,  receives 
a  fine  polish  and  may  be  advantageously  gilded ;  it  is  composed 
of  copper  65,  nickel  16*8,  zinc  18,  and  iron  8*4.  By  increasing  the 
amount  of  nickel  to  20  or  25,  copper  to  50  or  60,  and  reducing 
the  zinc  to  20,  a  very  strong  malleable  metal  is  formed,  the  malle- 
ability of  which  is  increased  by  adding  2  or  8  per  cent,  of  lead. 
Copper  60,  nickel  20,  zinc  20,  forms  good  table-knives,  forks,  and 
spoons ;  57  copper,  20  nickel,  20  zinc,  8  lead,  is  a  metal  suitable 
for  ornamental  objects.    It  may  be  stamped  and  soldered. 

The  qualities  of  argentan  vary  with  the  proportions  of  the 
various  metals,  and  the  purity  of  the  alloy ;  that  is,  with  the  ab* 
40 
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sence  of  arsenic,  sulphur,  carbon,  and  similar  matter.  A  little 
iron  does  no  harm ;  it  increases  the  color  and  brilliancy  of  the 
alloy,  but  more  than  8  per  cent  causes  brittleneas,  and  hardnesai 
The  presence  of  arsenic  renders  the  alloy  extremely  brittle  and 
unfit  for  any  use.    Lead  impairs  its  lustre  and  strength. 

We  find  it  to  be  difficult,  when  forming  the  alloy,  to  oombine 
a  definite  proportion  of  zinc  with  the  compound  of  nickel  and  cop- 
per previously  prepared.  In  fusing  the  three  metals  together 
there  is  always  a  loss  of  zinc  by  volatilization,  which  may  be 
lessened  by  placing  it  beneath  the  copper  in  the  crucible.  The 
best  method  is  to  melt  the  zinc  first  at  a  low  heat,  by  which  it 
does  not  evaporate,  and  then  add  the  copper,  or  simiUtaneously 
copper  and  nickel  in  thin  strips  or  spangles.  These  metals 
will  gradually  dissolve  in  the  fluid  zinc,  and  the  heat  may  be 
raised  as  their  fluidity  increases.  In  this  instance,  as  in  all  others 
of  forming  alloys,  it  is  profitable  to  mix  the  oxides  of  the  various 
metals  together,  and  reduce  them  under  the  protection  of  a  suita- 
ble flux.  The  metal  nickel  can  be  produced  only  from  pure 
oxide  of  nickel ;  and,  as  purity  of  the  alloy  is  essential  to  good 
quality,  the  common  commercial  zinc  is  not  sufficiently  pure  for 
forming  argentan.  Copper  cannot  well  be  used  in  the  form  of 
oxide,  but  small  scales,  or  wire-scraps,  will  serve  eqnaUy  as  welL 
The  stampwork  of  the  Lake  Superior  copper  ores,  the  red  oxide 
of  zinc  of  New  Jersey  and  pure  oxide  of  nickel  mixed  in  proper 
proportions  and  reduced  in  a  clay  crucible,  ought  to  form  a  supe- 
rior argentan. 

Use  of  Nickel  Alloys, — Grerman  silver  is  eitensively  used  for 
the  manufacture  of  spoons,  forks,  and  kitchen  utensils.  Vessels 
which  are  formed  of  this  metal  are  far  less  liable  to  prove  injuri- 
ous to  health  than  those  formed  of  copper,  brass,  bronze,  or  even 
glazed  earthen- ware ;  argentan  should  not  be  \ised  in  vin^ar,  or 
for  preserving  fruit ;  the  utmost  cleanliness  is  necessary  in  order 
to  avoid  poisonous  effects.  If  it  is  clean,  not  the  slightest  danger 
may  be  apprehended  from  its  use.  Some  kinds  of  this  alloy  are 
extremely  tenacious  and  form  elastic  springs  like  steel.  It  ap- 
pears that  nickel  imparts  to  most  of  the  metallic  alloys,  particu- 
larly to  those  of  copper,  a  higher  degree  of  strength  than  they 
possess  without  its  presence. 

Manufacture  of  Nickel. — Since  it  is  an  object  of  importance  to 
employ  pure  metal  in  forming  the  alloy,  the  attention  of  the 
smelter  must  be  directed  to  obtaining  a  pure  ore.    The  nickel 
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ores,  either  the  natural  or  artificial  orea,  are  roasted  in  a  rever- 
beratorj  furnace,  so  as  to  oxidize  and  evaporate  all  those  sub- 
stances, which  are  liable  to  volatilization  in  a  red  heat  The  ore 
is,  for  tbis  purpose,  crushed  to  a  coarse  powder,  washed  like  zinc 
or  lead  ores,  and  roasted  in  a  furnace  similar  to  that  used  for  roast- 
ing zinc  ores,  which  is  represented  in  figs.  S13  and  814.     If  the 
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ore  contains  much  arsenic,  which  is  generally  the  case,  it  is 
like  cobalt  ore,  and  the  arsenic  is  gathered  in  condensing  cham- 
bers. The  ore  is  oxidized  to  the  highest  degree,  and  all  arsenic 
must  be  perfectly  driven  oflF,  by  the  aid  of  charcoal  powder.  It 
is  then  mixed  with  three  parts  of  sulphur  and  one  part  of  potash, 
and  the  whole  melted  in  a  crucible  at  a  very  low  heat.  This 
foims  a  black  slag,  which  is  edulcorated  with  water,  and  leaves  a 
powder  of  metallic  lustre,  which  is  sulphuret  of  nickel  and  free 
from  arsenic.  If  arsenic  remains  in  the  ore  after  roasting,  it  is  in 
the  potash  solution  with  some  of  the  sulphur.  If  there  is  much, 
the  amount  of  potash  must  be  increased ;  it  is  often  used  in  equal 
parte  with  sulphur.     In  melting  ore,  potash,  and  sulphur  together, 
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the  pot  must  be  large  and  the  heat  low,  or  the  mass  is  liable  to 
boil  over. 

The  sulphuret  of  nickel,  which  remains  after  dissolving  and 
driving  off  all  other  substances,  is  repeatedly  washed  with  pure 
water;  this  will  extract  all  substances  which  may  be  soluble 
in  it.  K  the  crystals  formed  in  melting  are  large,  they  are  liable 
to  be  impure,  and  must  be  crushed  and  washed  very  often ;  a  low 
heat  will  form  small  grains,  while  a  high  heat  forms  large  crys- 
tals ;  if  for  no  other,  it  is  necessary  for  these  reasons  to  melt  the 
substances  together  at  a  low  heat.  The  pure  sulphuret  is  then 
dissolved  in  nitric,  or,  cheaper,  in  sulphuric  acid,  to  which  a  little 
nitric  acid  or  aqua-fortis  is  gradually  added.  When  the  opera- 
tion with  the  potash  has  been  well  performed  the  solution  of 
nickel — ^salt — is  pure,  but  if  the  heat  in  melting  has  been  too  high, 
or  if  sufficient  potash  or  sulphur  has  not  been  used,  the  solution 
contains  arsenic,  from  which  it  must  be  freed  by  remelting  in  pot- 
ash and  sulphur,  before  the  sulphuret  can  be  dissolved. 

The  solution  thus  obtained  with  the  acids  may  contain  iron 
and  other  metals,  which  must  be  removed  from  it  If  no  fi^e 
nitric  acid  is  present,  the  solution  is  set  to  boiling  in  a  pan  of  sheet 
lead,  and  carbonate  of  potash  is  added  in  small  portions.  This 
throws  down  oxide  of  iron.  In  order  to  succeed  well,  all  the 
metals  in  the  solution  should  be  peroxides ;  these  may  be  ren- 
dered so,  if  they  are  not,  by  the  addition  of  saltpetre  and  sul- 
phuric acid.  The  peroxide  of  iron  falls  when  the  fluid  is  yet 
acid,  and  all  of  it  may  be  removed  by  means  of  potash  before 
any  other  metal  is  precipitated.  Copper  is  then  removed  by  con- 
ducting sulphuretted  hydrogen  into  the  solution,  which  precipi- 
tates sulphuret  of  copper.  There  cannot  afterwards  remain  any 
thing  in  solution,  except  nickel  and  cobalt;  the  separation  of 
which  is  somewhat  laborious.  The  mode  by  which  it  is  done 
depends  on  the  predominance  of  either  one  or  the  other;  we 
shall  describe  the  extreme  of  either  case. 

When  nickel  predominates  in  the  solution,  it  is  mixed  with 
caustic  ammonia  until  all  the  precipitated  oxides  have  been  re- 
dissolved.  The  blue  solution  is  now  diluted  with  boiled  water. 
It  is  not  necessary  that  the  water  should  be  hot,  but  it  ought  to 
have  been  boiled  in  order  to  remove  the  atmospheric  air  which 
water  generally  contains.  The  diluted  solution  is  preserved  in 
an  air-tight  vessel,  after  having  been  mixed  with  caustic  potash 
so  as  to  form  a  green  precipitate,  and  cause  the  disappearance  of 
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the  blue  color  of  the  solution.  It  forms  slowly  a  green  sediment ; 
and  a  red  or  reddish  solution,  with  more  or  less  co]?alt,  remains. 
When  perfectly  clear  this  is  drawn  off  by  means  of  a  syphon, 
and  the  sediment,  which  is  green  oxide  of  nickel,  is  repeatedly 
washed  with  distilled  water  for  the  removal  of  the  adhering  solu- 
tion of  cobalt.  The  solution  contains  much  cobalt,  when  of  a 
light-red  color.  A  dark  color  indicates  the  presence  of  nickel, 
or  superoxide  of  cobalt  In  order  to  prevent  the  formation  of 
the  latter,  water  freed  from  air  and  closed  vessels  are  used  in  the 
operation ;  for  superoxide  of  cobalt  would  fall  as  a  black  powder 
along  with  the  green  oxide  of  nickel.  When  the  precipitate  of 
green  oxide  of  nickel  dissolves  entirely  in  an  acid  without  leaving 
any  residuum,  it  is  an  indication  of  its  purity. 

When  the  quantity  of  cobalt  is  greatest  in  the  precipitate  ob- 
tained from  the  first  solution,  it  is  cheaper  to  precipitate  the 
oxides  from  the  solution  by  carbonate  of  soda  or  potash  and  re- 
dissolve  the  precipitate  in  oxalic  acid,  which  forms  a  powder  of 
oxalates,  insoluble  in  an  excess  of  the  acid.  The  oxalate  is 
washed  or  freed  from  acid  by  filtration,  and  dissolved  in  caustic 
ammonia.  By  evaporating  or  heating  this  solution,  the  ammonia  is 
driven  ofl^  and  the  oxalate  of  nickel  falls  as  a  green  powder,  while 
the  oxalate  of  cobalt  remains  in  the  red  solution.  The  nickel 
thus  obtained  is  not  pure,  and  ought  to  be  subjected  to  the  first 
method  of  treatment  in  case  a  metal  free  from  cobalt  is  wanted. 

This  process  of  manufacturing  nickel,  or  the  formation  of  pure 
oxide  of  nickel,  is  very  much  of  a  chemical  character,  and  has 
■little  similarity  with  metallurgical  operations.  The  reduction  of 
the  oxide  of  nickel  to  metal  is  very  simple ;  because  the  metal 
has  but  little  afl&nity  for  oxygen,  particularly  when  hot  In 
manufacturing  nickel,  this  metal  should  always  predominate  in 
the  ore;  because  it  is  expensive  to  remove  other  metals  from  it, 
particularly  cobalt 

The  smelting  of  the  oxide  of  nickel  with  charcoal  in  a 
crucible,  may  be  accomplished  in  a  strong  fire ;  but  the  metal 
retains  carbon  in  this  case,  and  consequently  it  is  brittle  and 
spongy.  For  obtaining  pure  metal,  the  oxide  is  saturated  with 
oxalic  acid,  ignited  by  a  strong  heat  in  a  good  crucible.  The 
spongy  metal  thus  obtained  is  broken,  or  pulverized,  and  re- 
heated again  under  cover  of  pure  soda  glass.  In  the  last  melting, 
if  the  heat  applied  is  as  high  as  the  best  crucible  will  bear,  the 
metal  is  obtained  in  grains  of  the  size  of  peas.    Nickel  has  so 
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little  affinity  for  oxygen,  that  the  presence  of  a  little  carbon  is 
sufficient  to  form  metal ;  and  even  without  carbon,  metal  is  pro- 
duced from  tke  oxide  in  the  high  heat  of  a  good  lur-fumaoe. 

Nickel  is  very  refractory ;  and  as  the  metal  is  not  used  in  its 
pure  form,  it  is  not  necessary  to  produce  it  in  that  condition. 
Alloys  are  easily  and  correctly  formed  by  mixing  the  oxides  of 
the  various  metals,  and  reducing  them  together.  As  the  oxide 
of  zinc,  and  perhaps  a  little  iron  and  some  other  metals  in  small 
quantities  are  required  only  to  form  nickel  alloys ;  and  as  zinc 
will  evaporate  from  nickel,  it  is  the  better  plan  to  melt  metallic 
copper  and  oxide  of  nickel  together,  and  add  pure  brass  to  the 
melted  mass.  By  charging  the  latter  metal  strongly  with  zinc, 
the  necessary  amount  of  it  is  easily  incorporated  with  the  alloy. 

Nickel  has  been,  and  is  still  manu&ctured  near  Philadelphia ; 
partly  from  Pennsylvania  ores,  but  chiefly  from  those  obtained 
in  Missouri.  We  are  not  acquainted  with  the  extent  of  its 
manufacture. 

Cobalt, — This  metal  is  similar  to  nickel ;  its  alloys  are  more 
brittle.  Its  specific  gravity  is  8*4  to  8*5.  Its  color  is  reddish- 
gray,  and  the  metal  has  but  little  lustre.  It  is  slightly  maUeable, 
and  extremely  sensitive  to  impurities.  Cobalt  is  as  refractory  as 
nickel  or  iron,  and  requires  good  crucibles  and  a  strong  fire  to 
melt  it.  It  resists  oxygen  like  steel,  but  not  so  well  as  nickeL 
At  a  white  heat  it  burns  with  a  red  flame. 

Ores  of  Cobalt: — These  are  chiefly  the  arseniurets,  of  which 
cobalt-glance  and  cobalt-pyrites  are  the  most  valuable.  The  first 
kind  of  ore  is  not  known  at  present  in  the  United  States,  at  least 
not  in  such  quantities  as  to  be  of  practical  use.  Sulphiiret  of  co- 
balt or  cobalt-pyrites,  occurs  in  Missouri.  Cobalt-manganese — ^an 
oxide  of  cobalt — is  obtained  from  the  La  Motte  mine  of  the  same 
State.  Cobalt-glance  is  composed,  on  the  average,  of  33*1  cobalt, 
434  arsenic,  20  sulphur,  and  some  iron.  Cobalt-pyrites  is  com- 
posed of  43  to  53  of  cobalt,  and  39  to  43  sulphur. 

In  the  cobalt  mine,  at  Chatham,  Conn.,  smaltine,  or  tin-white 
cobalt,  a  binarsiniet  of  cobalt,  is  found.  It  occurs  in  veins  tra- 
versing gneiss,  and  is  associated  with  nickel  ores.  This  species 
of  cobalt  ore  contains  a  large  amount  of  arsenic — on  the  average, 
70  per  cent,  about  20  per  cent  of  cobalt,  and  the  remainder  is 
iron,  copper,  or  nickel. 

The  presence  of  iron,  copper,  and  particularly  nickel,  in  cobalt 
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ores,  is  very  annoying  to  the  miner ;  these  metals  are  injurious 
to  the  blue  color  which  is  obtained  from  cobalt 

AUoys  of  Gobah. — This  metal  combines  with  most  others  rea- 
dily, but  its  alloys  are  not  much  known,  and  less  in  use.  It  has, 
like  nickel,  a  strong  affinity  for  arsenic,  and  most  of  its  combina- 
tions resemble  those  of  iron  in  their  properties. 

Smalt,  Azure,  Zaffre.-~T\ie  only  use  of  cobalt  is  in  its  oxide, 
which,  when  melted  with  alumina  or  silex,  forms  a  fine  blue 
color,  which  is  extensively  used ;  smalt,  or  the  pure  oxide,  is  used 
for  coloring  and  painting  glass,  porcelain,  and  crockery,  a  blue 
color.  It  is  employed  as  cobalt  glass  in  oil  painting,  and,  in  &ct, 
serves  as  a  fine,  permanent  blue  color  in  all  instances  where  such 
a  color  is  needed.  Oxide  of  cobalt  forma  a  green  color  when 
heated  with  oxide  of  zinc  j  but  as  this  compound  is  expensive,  it 


Manufacture  of  Smalt. — As  the  presence  of  iron  or  nickel  is 
very  injurious  to  the  blue  color  derived  from  oxide  of  cobalt,  the 
ores  are  picked  and  separated  into  two  classes,  pure  and  impure 
ore.     The  rich  ores  are  stamped  and 
washed,  in  order  to  remo\  e  earthy  im  * 

purities;  and,  aa  the  ore  is  heavy 
there  is  no  difficulty  in  succeedmg  in 
this  perfectly.  The  operation  of  crush 
ing  is  performed  in  a  machine  similar 
to  that  represented  in  fig  815  The 
ore  thus  purified  is  placed  on  the  hearth 
of  a  reverberatorj  furnace  and  roasted 
for  several  hours,  to  remove  all  the 
arsenic  and  sulphur.  The  latter  es- 
capes, in  the  form  of  sulphurous  acid 
gas,  through  the  chimney,  into  the  at- 
mosphere; the  former  is  condensed, 
as  araenioua  acid,  in  the  poison  cham- 
ber. Both  arsenic  and  sulphur  adhere  firmly  to  cobalt,  and  when 
a  pure  article  of  oxide  is  required,  the  operation  of  roasting  is 
tedious.  The  last  traces  of  arsenic  are  never  entirely  removed. 
A  small  amount  of  this  impurity  does  no  harm  in  the  subsequent 
smelting  operation,  because  so  much  free  oxygen  is  always  in  the 
ingredients  with  which  the  cobalt  is  melted,  that  most  of  the  ar- 
senic is  removed  by  its  assistance. 

Those  ores  which  contain  much  nickel  or  other  metals,  are 
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roasted  only  in  a.  certain  degree.  THis  ought  to  be  performed 
with  skill.  In  heating  the  crushed  and  washed  ore  gently,  bat 
unifoimly,  a  portion  only  of  the  sulphur  and  arseoic  is  evaporated ; 
the  remaining  portions  oxidize  with  the  metals  in  the  atmosphere. 
Nickel  has  more  affinity  for  arsenic  than  other  metals,  and  when 
the  partially-roasted  ore  is  exposed  to  slow  oxidation  in  the 
air,  tdl  other  substances,  sulphur  not  excepted,  become  oxidized, 
and  may  be  removed  by  water.  Nickel  will  resist  the  effects  <^ 
air  for  a  long  time,  but  it  would  finally  be  also  oxidized,  if  not 
removed  before  that  is  effected.  From  six  to  twelve  months' 
exposure  will  not  oxidize  the  arseniuret  of  nickel.  To  have 
good  success  in  this  operation,  it  is  necessary  to  heat  the  ore  uni- 
formly, so  that  each  particle  may  be  deprived  of  a  liltle  arsenic 
or  sulphur.  The  leading  principle  in  this  operation  is,  that  when 
pyrites  is  deprived  of  a  small  amount  of  sulphur  or  arsenic,  its 
decomposition  goes  on  rapidly  and  perfectly  in  the  atmosphere. 
When,  therefore,  small  grains  or  particles  of  the  natural  pyrites 
are  mixed  with  the  mass,  they  will  not  be  oxidized  with  thoae 
which  have  been  heated,  and  consequently  the  result  of  the  ope- 
ration is  imperfect. 

In  fig.  316,  I.,  is  shown  a  vertical  section  of  a  reverberatoi; 


furnace,  such  as  is  used  in  Germany  for  roasting  cobalt  ores. 
S16,  II.,  shows  a  horizontal  section  of  the  same  furnace. 


Fig. 
The 
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hearth  A,  and  the  roof  are  formed  of  firebrick.  At  B  is  the 
fire-place.  C  C  C  are  channels  for  carrying  off  the  gases  jfrom  the 
hearth  and  conducting  them  to  the  poison  chambers  in  a  building 
represented  in  fig.  317.  The  arrows  in  this  cut  indicate  the  course 
of  the  gases.  In  each  of  these  chambers  some  of  the  arsenious 
acid  is  deposited,  and  the  permanent  gases,  such  as  are  not  con- 
densed by  passing  through  the  chambers,  are  conducted  out  of 
the  building  by  the  chimney  D.  The  covers  E  E,  are  removed 
when  the  arsenic  is  to  be  gathered  in  the  chamber  F. 

The  operation  in  these  furnaces  is  carried  on  chiefly  in  winter, 
in  order  that  the  cold  air  may  favor  the  condensation  of  the  poi- 
son. About  a  quarter  of  a  ton  of  ore  is  charged  at  once,  which  forms 
a  stratum  of  about  five  inches  high  over  the  hearth  of  the  furnace. 
A  heat  of  a  couple  of  hours,  with  occasional  stirring,  is  suflScient 
for  impure  ore,  or  that  which  contains  nickel — ^which  metal  ought 
not  to  be  oxidized.  Pure  ore  is  exposed  for  five  or  six  hours  to 
heat,  and  stirred  every  half  hour.  When  no  arsenic  is  exhaled 
from  the  pure  ore,  it  is  raked  out  and  a  fresh  charge  introduced 
into  the  furnace.  Impure  ore  is  not  suffered  to  evaporate  much 
arsenic.  The  roasted  pure  ore  has  a  brownish- gray  color,  is  about 
83  per  cent,  lighter  than  the  crude  ore,  and  is  now  ready  for  being 
converted  into  smalt.  The  impure  ore  is  generally  exposed  dur- 
ing a  summer  to  the  atmosphere. 

In  cases  where  the  chief  object  of  the  roasting  process  is  to 
obtain  pure  arsenious  acid  for  commercial  purposes,  the  furnace 
is  provided  with  a  large  clay  muffle,  in  which  the  pulverized  ore 
is  roasted.  The  gases  from  the  fuel  are  thus  prevented  from  com- 
ing in  contact  with  the  arsenic,  which  in  consequence  arrives  in 
the  condensing  chambers  more  pure  and  white.  No  arsenic  which 
is  obtained  by  either  of  these  processes  is  sufficiently  pure  for 
commerce ;  it  is  therefore  re-distilled  in  cast-iron  vertical  retorts, 
and  condensed  in  a  wooden  chamber.  Or,  if  the  arsenic  is  con- 
siderably pure,  it  is  distilled  in  cast-iron  pots  and  condensed  in 
castriron  cylinders,  in  which  it  appears  in  the  form  of  a  milky- 
colored  glass.  A  roasting  furnace,  which  is  suitable  to  produce 
pure  arsenic-meal  is  represented  in  fig.  818.  A  represents  the 
fire-place;  B  the  hearth,  formed  of  fire-tiles;  C  the  flues  which 
conduct  off  the  smoke  from  the  fire ;  and  D  the  flue  which  leads 
to  the  poisdn  chamber.  These  furnaces  work  slow,  but  furnish 
a  pure  article. 

The  oxidized  pure  cobalt  ore  is  ground  with  pure  white  sand, 
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and  smelted  in  crucibles  to  a  slag,  which  is  more  or  less  of  a  dark 
blue  color  according  to  the  quantity  of  oxide  of  cobalt  present 


Six  or  eight  pots  are  inserted  in  one  furnace,  which  produce  from 
f  to  1  ton  of  smalt  in  24  hours.  In  tig.  319,  a  vertical  section  of  a 
Norwegian  8maltK)ven  is  shown,  the  operation  of  which  is  easily 


understood.  As  wood  is  burned  in  this  furnace,  there  are  no  grate- 
bars — a  few  holes  in  the  floor  of  fire-brick  and  the  doors  of  the 
fire-chamber  supply  the  fresh  air  necessary  for  combustion.  The 
pots  are  withdrawn  through  openings  in  the  circular  iDclosure, 
which  are  shut  by  means  of  flrc-tiles.  The  farnace  is  not  pro- 
vided with  a  chimney ;  the  smoke  escapes  from  small  apertures 
in  the  roof,  above  the  pots.  Any  glass-oven,  or  English  zinc- 
distilling  oven,  may  serve  the  purpose  of  melting  smalt.  The 
beauty  of  the  color  of  smalt  depends  chiefly  on  the  purity  of  the 
materials.  Pure  sand,  of  which  about  two  or  three  parts  are  used, 
ia  necessary.  Of  course  impure  ore  will  not  produce  a  fine  color. 
The  best  color  is  obtained  by  mixing  the  finely-powdered  zaffi^ 
oxide  and  sand  with  two  or  three  times  its  own  weight  of  calcined 
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potash,  and  melting  them  at  a  low  heat.  The  melted  glass,  while 
hot,  is  thrown  into  cold  water,  so  as  to  break  it  into  minute  frag- 
ments. It  is  afterwards  ground  in  a  mill,  such  aa  is  represented 
in  6g8.  S20  and  321. 


At  the  bottom  of  the  earthen  pots  in  which  smalt  has  been 
melted,  there  remains  a  lump  of  a  metallic  mass,  which  is  called 
cobalt  speise,  or  nickel  speise ;  it  forms  the  bulk  of  ore  from  which 
Dickel  is  obtained.     We  have  alluded  to  this  before. 
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CHAPTER   VI. 

Tin. — Tliis  is  a  beautiful  metal ;  it  is  white  and  of  a  high 
lustre,  similar  to  silver.  It  is  softer  than  gold ;  but  harder  than 
lead,  and  very  malleable.  When  in  the  form  of  a  rod  it  is  very 
flexible,  and  emits  a  peculiar  crackling  sound — tin-cry.  .  This 
peculiar  sound  is  best  perceived  by  bending  a  piece  of  it  between 
the  teeth ;  or  biting  one  end  of  the  ingot  with  the  teeth  and 
bending  it  by  hand.  When  the  metal  contains  only  a  few  per 
cent,  of  lead  the  creaking  does  not  occur.  Tin  melts  at  442°, 
and  resists  a  red  heat  very  well ;  but  at  a  white  heat  it  evapo- 
rates, and  burns  with  a  blue  flame.  When  heated  to  redness  in 
free  air  it  oxidizes  rapidly,  and  forms  a  heavy  coating  of  oxide 
of  tin  on  its  surface.  This  oxide  contains  100  metal,  and  27*2 
oxygen.  The  specific  gravity  of  tin  is  7*29.  In  the  United 
States,  tin  is  not  at  present  manufactured.  The  market  is  sup- 
plied chiefly  by  Europe.  Some  tin  of  inferior  quality  is  derived 
from  South  America.  English  grain-tin  is  considered  the  best 
kind  of  this  metal ;   next  to  that  ranks  the  tin  from  Banca. 

Most  of  the  tin  of  commerce  is  impure.  It  is  either  accident- 
ally or  purposely  adulterated  with  other  metals.  Iron  and  lead 
are  the  most  common  and  most  injurious  admixtures.  Pure  tin 
is  perfectly  white  ;  any  shade  of  another  color  indicates  the  pre- 
sence of  other  metals.  Iron,  copper,  lead,  and  antimony  impair 
the  brightness  of  the  metal,  and  cause  it  to  become  of  a  bluish  or 
gray  color  and  harder  than  pure  metal.  Arsenic  causes  tin,  as 
well  as  other  metals,  to  be  more  white  and  more  brittle  than  the 
pure  metal.  Pure  tin  may  be  recognized,  afl«r  some  experience, 
by  its  tin-cry.  This  sound  is  short,  or  rather  a  succession  of 
sounds,  when  the  metal  is  impure.  Pure  metal  emits  a  connected 
creaking,  similar  to  sole-leather.  It  shows  a  white,  dull,  fibrous 
fracture  when  broken  after  repeated  bending,  similar  to  pure 
fibrous  iron.  The  fracture  of  impure  metal  is  crystalline,  and 
more  or  less  tinged  with  a  strange  color.  The  best  test  of  tin  is, 
to  melt  the  metal  and  pour  it  into  a  clean  iron  mould ;  when  its 
surface  remains  bright  and  polished  in  cooling,  we  may  consider 
that  it  is  pure ;  if  spots  are  visible,  or  if  the  surface  is  dull,  white, 
or  gray,  the  tin  is  adulterated. 

Ores, — There  is  but  one  tin  ore  which  is  of  practical  use,  and 
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that  IS  the  oxide  of  tin.  The  sulphuret  of  tin  is  another  species, 
but  so  scarce  as  not  to  be  available  for  smelting.  Oxide  of  tin 
occurs  in  small  veins  traversing  granite,  gneiss,  mica  or  clay- 
slate,  or  porphyry ;  it  also  occurs  in  the  alluviums  of  the  primitive 
fonnations — as  the  stream-tin  of  Cornwall.  This  ore  is  always 
crystallized,  frequently  in  twin  crystals ;  it  is  of  a  high  adaman- 
tine lustre,  a  dark-brown  or  black  color,  and  forms  on  being 
crushed  a  grayish  brown  powder ;  it  is  brittle,  opaque,  also  nearly 
transparent  when  of  a  light  color,  and  very  heavy ;  its  specific 
gravity  is  6*7  to  6'9.  The  crystalline  ores  generally  contain  from 
90  to  95  parts  of  oxide  of  tin,  in  100  parts  of  crystals;  the  re- 
mainder is  iron,  manganese,  titanium,  and  other  substances. 
Pure  oxide  of  tin  consists  of  79  metal  and  21  oxygen. 

The  chief  deposits  of  tin  ore  are  in  Cornwall  (England),  the  East 
Indies,  Germany,  Eussia,  and  South  America.  The  United  States 
have  not  as  yet  afforded  sufficient  tin  ore  for  smelting.  The 
New  England  States  furnish  specimens,  and  also  the  Southern 
States ;  but  no  vein  of  practical  value  has  been  discovered.  It 
is  reported  that  a  vein  of  tin  ore  of  considerable  strength  has 
been  discovered  in  Missouri.     This  requires  confirmation. 

Alloys, — Tin  imparts  to  most  metals  whiteness,  hardness,  and 
fiisibility.  It  is  in  these  respects  similar  to  arsenic,  bat  does  not 
cause  quite  as  much  brittleness. 

Pewter, — All  the  varieties  of  this  alloy  consist  chiefly  of  tin 
and  lead,  with  the  addition  of  copper,  antimony,  zinc,  and  other 
metals.  The  best  pewter  always  contains  |  or  }  of  lead,  and 
if  little  or  no  other  metal,  the  alloy  is  hard,  white,  and  without 
much  lustre.  A  good  composition  for  kitchen  utensils  is  formed 
of  18  per  cent,  of  lead  and  pure  tin.  Fine  pewter  is  pure  tin  and 
a  little  copper,  which  causes  the  tin  to  be  hard  and  sonorous,  but 
impairs  its  bright  color.  The  alloy  becomes  brown,  particularly 
when  too  much  copper  is  used ;  one  per  cent,  of  it  may  be  consi- 
dered too  much,  not  often  more  than  ^V  ^  \  P^^  cent,  is  used. 
Zinc  impairs  the  quality  of  pewter  very  much,  but  as  it  bums 
rapidly  when  melted  little  remains  in  the  compoimd  ;  when  the 
quantity  has  been  small,  its  presence  adds  to  the  purification  of 
tin,  and  prevents,  to  a  certain  degree,  its  oxidation. 

Britannia  Metal, — This  is  also  a  kind  of  pewter.  It  consists 
of  tin,  antimony,  copper,  and  zinc — 88  tin,  7  antimony,  8  copper, 
and  1  zinc,  is  a  common  alloy  for  Britannia  metal ;  which  admits 
of  being  rolled  into  thin  sheets. 
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One  part  of  tin  and  3  of  lead  form  coarse,  black,  pltunben' 
solder,  which  melts  at  about  600^ ;  2  tin  and  1  lead  is  a  fine  sol- 
der, which  melts  at  360°. 

Tin  combines  readily  with  the  precious  metals — particnlarlj 
with  gold ;  8  per  cent,  of  tin  in  gold  does  not  much  impair  its 
malleability — more  than  that  causes  gold  to  be  hard.  Tin  and 
mercury  combine  very  readily,  and  form  amalgam.  One  tin,  one 
lead,  2  bismuth,  and  10  mercury,  form  a  fluid  alloy  at  common 
temperatures.  It  is  used  for  coating  the  interior  of  glass  globes^ 
to  which  the  solid  metals  adhere ;  the  superfluous  mercury  is 
poured  off.  With  iridium,  and  the  platinum  metals  generally, 
tin  forms  hard  compounds.  The  alloys  of  antimony,  or  arsenic 
and  tin,  are  very  hard  and  brittle.  It  alloys  very  readily  with 
potassium,  sodium,  tellurium,  and  selenium.  One  part  antimony 
and  3  parts  of  tin,  form  a  ductile  alloy  which  will  bear  mudi 
hammering  without  breaking. 

Tin  and  bismuth  form  very  interesting  compounds  which  are 
little  used;  46-3  tin  and  64-6  bismuth,  melt  at  326°.  These 
alloys  are  generally  hard  and  brittle.  A  little  bismuth  improves 
the  lustre,  hardness,  and  sound  of  tin. 

Speculum  Metal. — ^An  important  application  of  tin  is  found  in 
speculum  lAetal.  Equal  parts  of  tin  and  copper  form  a  white  metal 
as  hard  as  steel.  Less  tin,  and  a  little  arsenic  added  to  the  alloy, 
forms  a  very  white,  hard  metal,  of  high  lustre.  Two  copper,  1 
tin,  yiy  arsenic,  form  a  fine  speculum  metal.  A  composition  of 
32  copper,  16*5  tin,  4  brass,  1*25  arsenic,  is  hard,  white,  and  of  a 
brilliant  lustre. 

Tin  and  sulphur  form  a  bright  yellow  metal,  bronze  powder. 
Mosaic  gold.  This  has  been  the  cause  of  much  deception ;  it  is 
obtained  by  heating  equal  parts  of  pure  tin-filings,  sulphur,  and 
sal-ammoniac  together ;  or  various  compounds  of  tin,  mercury, 
sulphur,  and  sal-ammoniac.  A  variety  of  colors  is  produced  by 
employing  alloys  instead  of  pure  tin. 

Tin-Plate, — The  most  interesting  alloys  of  tin  are  those  of 
copper  and  iron — of  the  first  we  shall  speak  hereafter.  Sheet- 
iron,  coated  with  tin,  forms  tin-plate ;  this  alloy  unites  the  qua- 
lities of  both  metals  in  a  high  degree.  When  the  thin  sheets 
of  iron  are  coated  with  tin,  the  core  or  interior  of  the  plate  is 
almost  pure  iron,  while  the  exterior  is  chiefly  tin ;  the  alloy  is 
between  both.  In  order  to  cover  sheet-iron  with  tin,  it  is  fireed 
from  oxide  and  dipped  in  melted  tin ;  or  the  heated  iron  is  rubbed 
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over  with  tin.  Not  only  iron,  but  also  copper  and  other  metals 
are  coated  with  tin  in  a  similar  maoDer. 

Uses  of  Tin. — This  metal  is  extensively  used  as  an  alloy  for 
kitchen  utensils,  and  as  a  part  of  bronze  metal  in  manuiacturea. 
The  dyer's  kettles  which  are  naed  for  boiling  delicate  colored 
goods  are  formed  of  it  in  its  pure  state.  Tin  and  lead  is  rolled  or 
cast  in  the  form  of  tin-foil,  and  extensively  used.  It  may  be 
drawn  into  fine  wires,  which  are  moderately  temunous,  and  not 
elastic.  Tin  tube  is  used  for  gas  pipes,  and  a  variety  of  other 
purposes. 

Manufacture  of  Tin, — The  smelting  of  this  metal  is  extremely 
simple,  if  a  email  loss  in  metal  is  disregarded.  The  raw  ore  ia 
generally  a  mixture  of  veinstone,  and  crystals  of  ore ;  this  is  as- 
sorted by  hand  into  rich  tin  ores,  tin  mixed  with  copper,  and 
other  ore,  and  poor  ore.  The  rock  is  separated  &om  the  ore  by 
hand  as  much  as  possible  and  thrown  away.  The  various  quali- 
ties of  ore  form  various  qualities  of  metal,  and  are  separately 
smelted.  The  ore,  each  class  by  itself,  is  brought  to  a  stamping 
mill,  such  as  is  shown  in  hg.  322 ;  and  converted  into  a  sand  of 


more  or  less  fineness,  according  to  the  form  or  size  of  the  crystals 
of  ore,  or  the  nature  of  the  rocky  matter.  By  washing  the  ore 
in  the  stamping  mill  and  without  crushing  it  finer  than  is  abso- 
lutely necessary,  the  ore  sand  is  so  far  &eed  &om  impurities,  and 
concentrated  as  to  contain  from  60  to  70  per  cent  of  metal.  The 
meshes  of  the  wash  sieves  in  the  stamping  mill  should  be  160  to 
the  square  inch. 

Tin  ore  is  heavy,  and  is  easily  washed  and  freed  from  most  of 
the  impurities  when  the  crushed  sand  is  not  too  fine.  The  coarse 
parts,  which,  in  flowing  from  the  stamps,  are  first  deposited  in 
the  labyrinth,  are  washed  in  the  tossmg  tub,  fig.  S23.  The  slimes, 
or  sUcka,  which  contain  less  metal,  are  washed  on  the  rack-table, 
fig.  824. 
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Crushing  rollers  are  employed  ioetead  of  stampers,  in  Sngland. 
They  require  leas  attention,  but  are  aa  ezpen^re  in  their  opera- 


tion.    Stampers  furnish  a  cleaner,  and  more  uniform  ore  than  the 
rollers. 


The  ore  thus  concentrated  and  purified  is  roasted  in  order  to 
remove  volatile  substances,  such  as  sulphur,  arsenic,  and  others. 
This  operation  ia  invariably  performed  in  a  reverberatory  furnace. 


PARTICULAR  METALLDRQICAL  OPERATIONS, 


641 


The  English  fiirnac«a  of  this  kind,  are  of  the  form  shown  m  figs. 
326  and  826 ;  the  hearth  is  from  6  to  8  feet  long,  and  equally  m 
wide.    The  roof  ia  28  inches  high  at  the  fire-bridge,  and  slopes 


gradually  towards  the  flue,     Tlie  furnace  is  also  provided  with  a 
condensing  chamber  for  arsenical  fumes. 

In  fig,  327  A  is  the  vertical  section,  and  B  a  plane  section  of 


a  German  roast  oven  for  tin  ores.  The  poisonous  fumes  are  con- 
ducted from  the  hearth  by  the  channel  C,  to  the  poison  chamber 
D.  The  stirring,  or  turning  of  the  ore  is  performed  from  E,  where 
a  large  door  of  sheet-iron  ia  inserted  for  the  purpose. 

Six  hundred  weight  of  ore,  which  is  thinly  spread  over  the 
hearth,  forms  one  charge ;  the  calcination  of  which  takes  from  12 
to  18  hours,  according  to  the  amount  of  impurities.  Sulphur  ad- 
heres most  tenaciously  to  the  ore,  and  as  the  sulphurct  of  tin  is 
very  fusible,  only  a  red  heat  can  be  imparted  to  the  ore  to  pre- 
vent its  melting.  Diligent  stirring  by  means  of  an  iron  bar, 
flattened  at  one  end,  will  prevent  kerning,  or  agglutination  of  the 
sulphurets,  which,  when  it  happens,  ntekes  it  necessary  to  grind 
41 
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the  ore.  Most  of  the  metals  are  by  these  means  oxidized ;  and 
as  the  oxide  of  tin  is  heavier  than  ahiu»t  all  othera,  thej  ma;  be 
removed  by  Bubeequent  wasbingB.  When  the  ore  is  sofficieDtly 
calcined,  which  is  abown  by  its  no  longer  emitting  sulphurous 
vapors,  it  is  removed  from  the  furnace,  and  exposed  in  small 
heaps  to  the  action  of  the  atmosphere  for  a  few  days. 

The  influence  of  the  air  on  tiie  roasted  ore  decomposes  the  re- 
maining sulpburets  and  forms  sulphates.  When  the  ore  thus 
oxidized  is  thrown  into  water,  the  sulphates  are  dissolved  and 
carried  away  in  a  fluid  condition.  Copper,  which  may  happen 
to  be  in  the  solution,  is  recovered  by  ruuuing  the  fluid  into  pre- 
serving tanks,  and  precipitating  the  metal  by  means  of  metallic 
iron.  The  ore  thus  roasted,  oxidized,  and  lixiviated,  is  washed 
once  more  on  the  rack-table,  and  the  light  parts  removed.  The 
heaviest  parts  form  the  best  ore ;  and  that  portion  remaining  on 
the  middle  of  the  table  is  sent  once  more  to  the  stamps  to  be 
crushed  and  washed,  after  which  it  also  forms  ore  for  the  smelt- 
ing furnace.  The  value  of  these  various  kinds  of  ore  is  ascei^ 
tained  by  an  assay,  as  it  is  described  in  the  Becond  part  of  this 
book. 

The  smelting  of  tin  ores  ia  effected  in  reverberatoiy  iumace» 
when  only  an  impure  metal  is  expected ;  but  in  the  blast  iiimaoe 
when  the  ore  is  pure.  The  reduction  of  the  ore  is  performed  in 
Cornwall,  in  reverberatory  furnaces,  one  of  which  fig.  328  shows  in 


plane.  The  form  of  the  furnace  is  not  essentially  different  from 
any  other,  except  in  the  addition  of  the  two  round  basins  B  B, 
into  which  the  melted  tin  isdrawn  o£E^  and  ladled  out  into  moulda 
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The  chimney  A  is  put  on  one  side  of  the  furnace  to  aflTord  access 
to  the  hearth  from  behind ;  it  must  afford  a  strong  draught,  and 
should  be  at  least  50  feet  high. 

When  the  furnace  is  properly  heated  the  ore  is  charged,  and 
an  aperture  over  the  firebridge  in  the  roof  is  opened,  which  admits 
of  the  escape  of  obnoxious  fumes.  Previously  to  charging,  the 
fine  ore  is  intimately  mixed  with  fine  mineral,  or  fine  charcoal, 
the  former  of  which  is  preferable,  to  the  amount  of  about  |  in 
weight,  also  with  a  little  slacked  lime,  Stid  fluor-spar,  as  flux. 
About  a  ton  of  ore  forms  one  charge.  The  heat  on  the  ore  is  at 
first  gentle,  so  as  to  prevent  a  anion  of  the  oxide  of  tin  with 
quartz,  which  cannot  easily  be  separated  when  once  formed. 
From  6  to  8  hours'  heat  are  imparted  to  the  ore  without  stirring 
the  mass ;  after  that  time  the  door  is  opened  and  it  is  thoroughly 
worked  to  efiect  a  separation  of  the  metal  and  the  slag.  When 
the  metal  has  descended  into  the  basin  of  the  hearth,  the  scoria 
which  flows  on  its  top  is  drawn  off  and  preserved,  erf  which  the 
first  or  upper  portions  are  poor  in  metal,  but  the  lower  are  rich, 
as  well  in  grains  as  in  combination  with  the  gangue  of  the  ore. 
These  slags  are  saved  and  re-smelted.  When  the  metal  is  thus 
skimmed,  it  is  drawn  into  the  circular  basins  by  opening  the  tap- 
hole  in  the  side  of  the  furnace.  The  fluid  metal  is  then  suffered 
to  separate  firom  the  slags  more  perfectly  than  could  be  accom- 
plished in  the  fiimace.  It  is  ladled  out,  however,  before  it  is  too 
cold.  The  tap-hole  at  the  furnace  is  stopped  up  with  a  plug  of 
dry  wood,  while  the  operation  of  smelting  is  going  on. 

The  annexed  engraving,  fig.  329,  shows  two  vertical  sections 
of  a  blast  furnace  for  smelting  tin.  At  A  is  the  mouth  for  charg- 
ing the  furnace ;  B  B  are  two  chambers  for  the  condensation  of 
volatile  metals.  The  in-wall  of  the  furnace  is  formed  of  firebrick, 
and  the  bottom  of  firm  fireclay.  In  the  vertical  section  in  an 
opposite  direction  we  see  the  position  of  the  tuyere  T  more  dis- 
tinctly. At  the  breast  C,  is  a  basin  communicating  with  the  in- 
terior of  the  furnace ;  the  metal  gathers  there,  and  the  slag  on 
the  top  of  it  flows  off  over  the  dam  D.  At  the  side  of  the  dam 
is  a  round  basin  indicated  at  E,  into  which  the  metal  is  occasion- 
ally tapped  and  ladled  out  into  iron  moulds.  The  in- walls  of  the 
fiimace  may  be  formed  of  granite,  or  feldspathic  rock,  equally  as 
successfully  as  of  firebrick.  The  height  of  the  furnace  is  not  often 
more  than  6  feet ;  where  much  ore  is  smelted,  it  is  found  to  be  as 
high  as  9  feet.    The  area  at  the  tuyere  is  not  less  than  144  square 
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incbes,  nor  more  than  230.  The  tuyere  is  about  4'5  inches  above 
the  back  part  of  the  bottom.  The  latter  slopes  25°  ftom  the  tu- 
yere to  the  tymp,  so  that  the  hot  metal  may  not  be  exposed  to 
the  action  of  the  blast 


When  this  furnace  is  thoroughly  heated,  the  ore  ia  chaT:ged 
regularly  with  charcoal.  The  ore  meal  is  generally  mixed  with 
fine  charcoal,  and  damped  to  cause  it  to  adhere  together.  The 
lump  charcoal  for  smelting  ia  also  used  in  a  damp  state;  dry  coal 
works  too  hot  at  the  top.  When  a  certain  quantity  of  ore  has 
been  smelted  and  the  metal  removed  from  the  furnace,  the  scoria 
and  refuse  ore,  and  also  the  rubbish  which  may  contain  tin,  are 
smelted.  The  scoria  from  the  reverberatory  furnaces,  from  which 
the  grains  of  metal  have  been  removed  by  stamping  and  washing; 
are  also  smelted  in  the  blast-furnace.  The  metal  resulting  from 
the  poor  refuse  ore  and  slags  is  very  impure,  and  adulterated  with 
many  other  metals. 

Refining  of  the  tin  is  a  necessary  operation  in  all  cases;  it  is 
effected  by  liquation,  lixiviation  or  oxidation.  Liquation  is  pe^ 
formed  in  a  reverberatory  furnace,  similar  to  that  in  which  the 
smelting  ia  done,  but  it  is  provided  with  a  more  sloping  hearth. 
The  pigs  of  tin  are  placed  near  the  firebridge  of  the  furnace-hearth, 
and  on  being  moderately  heated,  the  tin  melts  first  and  flows  into 
the  refining  basin  formed  in  the  hearth.  "When  the  blocks  are 
exhausted  of  pure  tin,  skeletons  of  the  pigs  remain  as  a  refractory 
residuum,  consisting  chieSy  of  ferruginous  alloys.    This  re-melt- 
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ing  may  be  also  performed  in  a  blast-furnace,  but  the  metal  does 
not  then  arrive  as  pure  in  the  basin  as  when  purified  by  liqua- 
tion in  the  reverberatory.  In  either  instance  the  metal  is  run 
from  the  furnace  into  a  large  iron  pan  or  kettle,  which  holds  from 
8  to  5  tons  at  once.  The  kettle  is  placed  over  a  fire-grate,  and 
heated  so  as  to  continue  the  metal  in  a  fluid  state.  Into  this 
metal  bath,  billets  of  green  wood  are  plunged,  and  set  in  a  rotary 
motion  by  a  machine  placed  above  the  kettle.  The  disengage- 
ment of  gas  from  the  wood  sets  the  metal  to  boiling,  and  the  oxy- 
gen of  the  gases  oxidizes  those  metals  which  are  more  subject  to 
oxidation  than  tin.  The  froth  which  is  thus  formed,  and  which 
consists  chiefly  of  foreign  metals,  is  skimmed  off  the  surface,  and 
reserved  for  re-smelting  along  with  the  slags.  From  8  to  4  hours 
are  generally  required  for  refining,  or  thus  working  the  hot  metal 
by  wood.  The  wood  is  then  removed  and  the  tin  allowed  to  set- 
tle. On  cooling  slowly  the  metal  separates  into  different  strata, 
of  which  the  upper  is  the  purest,  and  the  lowest  the  most  im- 
pure tin.  After  a  couple  of  hours,  it  is  gently  ladled  out  into 
cast-iron  moulds,  and  is  ready  for  market.  The  quality  of  the 
tin  depends  on  the  order  in  which  it  has  been  dipped ;  the  first 
blocks  contain,  of  course,  the  purest  metal,  and  the  last  the  im- 
pure alloy.  The  latter  are  generally  once  more  subjected  to 
liquation  and  refining. 

The  moulds  are,  in  some  instances,  made  of  granite,  and  are  of 
a  size  sufficient  to  contain  three  hundred  weight  of  metal.  The 
Ctermans  cast  much  of  their  tin  in  the  form  of  sheets ;  these  are 
formed  by  casting  the  metal  over  a  polished  copper  plate,  four  feet 
long  by  two  feet  wide. 

The  finest  metal  is  formed  in  the  blast-furnace ;  that  from  the 
reverberatory  is  always  more  impure,  although  smelted  from  sim- 
ilar ores.  And,  as  the  poor  ores,  slags,  froth,  and  the  residue  of 
liquation  must  be  smelted  in  the  blast-furnace,  in  all  instances  the 
use  of  that  kind  of  furnace  must  be  considered  the  most  judicious 
for  smelting  tin.  The  operation  in  the  reverberatory,  consumes 
about  two  tons  of  mineral  coal  to  one  ton  of  metal ;  the  blast-fur- 
nace consumes  nearly  1*5  ton  of  charcoal  for  the  same  purpose. 
Where  the  difference  in  the  price  of  these  kinds  of  fuel  is  sufficient 
to  pay  for  the  loss  in  the  quality  of  the  metal,  there  may  be  a 
reasonable  cause  for  the  use  of  reverberatory  furnaces.  The  ex- 
penses of  smelting  a  ton  of  tin  may  amount  to  about  $20  in  either 
the  blas^filmace  or  the  reverberatory.    The  latter  yields  more 
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metal  from  the  same  kind  of  or^ ;  ibr  the  blast  loses  16  per  cent 
of  metal,  while  the  reverberatory  loses  only  5  per  cent  The 
superiority  of  the  metal  fix)m  the  first  generally  repays  this  loss, 
which,  in  case  the  price  of  impure  tin  is  only  one  cent  less  per 
pound  than  pure  tin,  is  nearly  sufficient  Grain-tin  is  fonned  of 
the  finest  blocks ;  these  are  heated  nearly  to  melting,  and  then 
dropped  firom  a  considerable  height ;  the  metal  is  thus  broken, 
and  forms  elongated  grains.  This  may  be  considered  a  second 
refining  operation  on  fine  metal. 

For  thin  sheet  tin,  such  as  tin-foil,  the  purest  kind  of  metal  is 
required,  which  is  cast  in  sheets  and  then  rolled  or  hammered 
into  the  desired  form.  It  is  asserted  that  impure  tin  forms  better 
foil  for  glass  mirrors ;  this  can  apply  only  to  a  peculiar  kind  of 
impurity.  The  sheets  do  not  assume  so  high  a  polish  when  lami- 
nated cold  as  if  done  at  a  moderate  heat;  those  manufactured 
in  winter  are  therefore  not  so  bright  as  those  made  during  sum- 
mer, but  are  more  suitable  for  covering  glasses. 

The  production  of  tin  in  the  world  may  amount  to  about 
10,000  tons,  of  which  one-half  is  manufactured  in  England,  nine- 
tenths  of  the  other  in  the  East  Indies  and  South  America,  and 
the  remainder  in  Germany.  The  price  of  tin  fluctuates  firom  16 
to  20  cents  per  pound. 

Antimony, — The  properties  of  antimony  are  in  many  respects 
distinguished  from  those  of  other  metals,  particularly  in  its  ten- 
dency to  crystallize.  When  the  metal  is  melted  in  a  pot  and  suf- 
fered to  cool  on  its  surface,  and  the  fluid  part  then  cast  off,  a  mass 
of  beautiful  crystals  remains  in  the  pot.  Antimony  is  very  brittla 
It  may  be  pulverized  in  a  mortar.  It  is  silver  white  and  with  a 
brilliant  lustre.  It  fuses  at  about  800°,  or  at  a  dull  red  heat,  and 
is  volatile  at  a  white  heat.  Its  specific  gravity  is  6*7.  The  metal 
in  its  pure  condition  is  not  in  use,  but  alloyed  with  other  metals 
it  is  much  employed.  No  antimony  is  smelted  in  the  United 
States. 

Ores. — The  only  useful  ore  of  antimony  is  its  sulphuret ;  no 
other  kind  is  obtained  in  sufiicicnt  quantity  to  be  smelted.  The 
sulphuret  of  antimony  occurs  in  masses,  consisting  of  crystalline 
needles  which  are  closely  united.  It  is  of  a  metallic  lustre,  of  a 
gray  color,  and  forms  a  gray  powder.  When  gently  heated,  it 
turns  black,  or  is  iridescent.  It  is  extremely  fusible,  and  melts  in 
the  flame  of  a  candle  with  the  exhalation  of  a  sulphureous  smell. 
After  being  heated  the  powder  is  very  black.    This  ore  con- 
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sists  of  72'86  metal  and  27*14  sulphur.  Its  specific  gravity  is 
4*1  to  4*6.  Sulphuret  of  antimony  occurs  in  and  near  the  veins 
of  sparry  iron  ore,  with  heavy  spar,  blende,  galena,  quartz,  and 
other  minerals.  It  occurs  at  Carmel,  Penobscot  county,  Maine ; 
at  Cornish,  New  Hampshire;  in  Maryland;  in  Washington  county, 
Missouri ;  and  it  is  said  to  be  in  large  quantities  in  Illinois,  about 
30  miles  north  of  Edwardsville.  Veins  of  this  ore  occur  in  Mex- 
ico.    Most  of  the  metal  in  market  is  obtained  from  Germany. 

Alloys, — ^All  the  antimony  metal  of  commerce  may  be  con- 
sidered an  alloy.  It  is  never  pure,  but  contains  iron  in  all  in- 
stances. Antimony  and  tin,  melted  together  in  -equal  parts,  form 
a  moderately  hard,  brittle,  but  very  brilliant  alloy,  which  is  not 
soon  tarnished,  and  is  frequently  employed  for  small  speculums 
in  telescopes.  Of  all  the  metals,  antimony  combines  most  readily 
with  potassium  or  sodium.  These  alloys  are  obtained  by  smelt- 
ing the  carbonaceous  compoxmds  of  these  metals,  or  their  oxides 
mixed  with  carbon.  The  presence  of  other  metals,  such  as  cop- 
per or  silver,  does  not  diminish  the  affinity  of  these  metals  for 
antimony.  The  alloy  thus  formed  of  the  alkaline  metals  and 
antimony  is  not  easily  evaporated  by  a  strong  heat.  Arsenic  and 
antimony  combine  in  all  proportions,  and  form,  imexpectedly,  a 
tenacious  alloy,  which  is  very  fusible,  compact,  and  often  of  a  gra- 
nular texture.  It  has  been  remarked,  in  speaking  of  the  alloys 
of  iron,  that  this  metal  alloyed  with  iron  causes  the  compound  to 
be  extremely  hard.  Eighty  parts  of  lead  and  twenty  of  antimony 
form  type  metal ;  to  this  commonly  five  or  six  parts  of  bismuth 
are  added.  Tin,  80  parts,  antimony  20,  is  music  metal ;  it  is  also 
composed  of  62*8  tin,  8  antimony,  26  copper,  and  8*2  iron.  Plate 
pewter  also  contains  from  5  to  7  per  cent,  of  antimony ;  89  tin, 
7  antimony,  2  copper,  2  iron,  is  one  of  these  compositions.  Bri- 
tannia metal  contains  frequently  an  equal  amount  of  antimony. 
Queen's  metal  is  75  tin,  8  antimony,  8  bismuth,  and  9  lead. 

Uses  of  Antimony. — Besides  its  employment  in  medicine,  it  is 
much  used  for  forming  alloys ;  of  these  type-metal,  and  antifric- 
tion-metal— ^which  is  type-metal  with  the  addition  of  copper — are 
those  most  used.    Crude  antimony  is  employed  for  purifying  gold. 

Manufacture. — ^The  smelting  of  this  metal  is  very  simple.  It 
is  easily  revived  from  its  ore,  which,  however,  is  attended  with 
a  heavy  loss  of  metal.  The  crude  ore  is  picked  by  hand ;  the 
pieces  are  broken  to  the  size  of  an  egg ;  and,  by  means  of  a  hand- 
hammer,  the  gangue,  such  as  quartz,  barytas,  or  carbonate  of  lime, 
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is  removed.  These  pieces  may  be  heated  in  an  earthenware  pot, 
in  the  bottom  of  which  there  ia  a  small  aperture.  The  eulphuret 
of  this  metal,  melting  at  a  veiy  low  heat,  will  flow  out  from  the 
gangue,  and  may  be  gathered  in  another  pot  set  below.  The 
operation  used  to  be  performed  in  this  manner;  but,  as  it  is  ex- 
pensive, the  ore  is  at  present  melted  in  a  reverberatory  furnace, 
similar  to  that  shown  in  fig.  330,  the  hearth  of  which  is  very  con- 
cave, and  formed  of  sand.    In  the  centre  of  the  hearth,  at  its 


deepest  part,  there  is  a  tap-hole  which  communicates  with  one  of 
the  long  sides  of  the  furnace.  The  ore,  on  being  sorted,  is  spread 
over  the  hearth  of  the  furnace,  and  is  there  melted.  The  tap-hole 
is  stopped  by  dense  coal-dust  while  the  reduction  is  going  on. 
About  three  hundredweight  of  ore  is  charged  at  once,  mixed  with 
iron  ore  or  hammer  slag,  and  heated,  with  an  occasional  stirring. 
Eight  or  ten  hours  are  sufficient  to  finish  one  heat,  after  which 
the  metal  is  tapped,  the  scoria  removed,  and  the  furnace  charged 
anew. 

The  metal  thus  obtained  is  not  pure.     It  contains  iron,  sul- 


phur, arsenic,  lead,  and  copper ;  from  most  of  these  admixtures 
it  may  be  freed  to  a  certain  extent,  but  not  entirely.     This  metal 
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is  refined  by  re-melting  it  in  crucibles,  arranged  on  the  hearth  of 
a  reverberatory  furnace,  or  a  furnace  similar  to  the  one  shown  in 
fig.  331.  The  pots  contain  about  30  poimds  of  metal,  which  is 
covered  with  coal-dust.  These  are  exposed  to  a  low,  imiform 
heat  for  some  hours.  Most  of  the  foreign  metals  are  thus  oxi- 
dized, and  may  be  removed  after  emptying  the  crucibles. 

The  smelting  operation  is  in  some  instances  divided  into  two 
manipulations ;  the  one,  or  first,  is  a  process  of  liquefaction,  in 
which  the  crude  antimony  is  melted  in  vertical  pipes  and  thus 
separated  fi*om  the  gangue,  which  remains  in  the  retort  while  the 
former  filtrates  through  the  perforated  bottom.  In  this  operation 
much  of  the  antimony  is  lost.  A  part  of  it  adheres  to  the  gangue, 
which  in  poor  ores  amounts  to  25  per  cent.,  and  is  never  less  than 
10  per  cent.  Part  of  the  crude  antimony  also  volatilizes,  which 
increases  the  loss.  This  loss  is,  therefore,  an  important  object 
where  the  ore  is  expensive;  and  it  may  be  in  most  cases  the  best 
plan  to  stamp  and  wash  it  while  crude,  firee  it  firom  rocky  matter, 
and  then  subject  it  to  reduction  by  direct  smelting.  The  specific 
gravity  of  the  ore  is  sufficiently  great  to  remove  most  of  the 
gangue.  Metallic  sulphurets  of  other  metals  than  antimony,  of 
course,  remain  with  it. 

The  crude  antimony,  or  the  concentrated  ore  sand,  is  smelted 
with  metallic  iron,  or  iron  ore ;  and  since  it  is  difficult  to  add 
just  as  much  iron  as  is  required  to  absorb  all  the  sulphur,  and 
as  too  much  imparts  iron  to  the  metal,  the  practice  is  to  add 
either  carbonate  or  sulphate  of  potash  or  soda,  and  also  fine  char- 
coal-powder to  the  ore.  One  part  of  metallic  iron  to  2  or  2'5  parts 
of  crude  antimony,  ought  to  absorb  all  the  sulphur ;  but  when  no 
other  flux  is  present,  about  20  per  cent,  of  antimony  remains  in 
the  slags.  By  using  42  iron  to  100  of  crude  antimony,  with  50 
carbonate  of  soda  and  5  charcoal,  nearly  the  whole  of  the  antimony 
is  revived.  Instead  of  metallic  iron,  any  kind  of  pure  iron  ore 
may  be  employed  with  more  charcoal,  but  its  metallic  contents 
should  come  near  the  above  quantity. 

In  refining  the  crude  metal  of  antimony  in  crucibles,  it  is  ad- 
vantageous to  soak  the  charcoal  powder  with  which  the  metal  is 
covered,  in  a  strong  solution  of  carbonate  of  soda.  When  the 
metal  is  not  sufficiently  pure  after  the  first  refining,  the  operation 
is  repeated.  In  all  the  operations  with  antimony,  a  high  heat 
must  be  avoided,  for  the  metal  as  well  as  the  sulphuret  is  very 
volatile.    A  fusible  slag  increases  the  yield  of  the  ore. 
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Bismuth. — This  is  a  rare  metal,  but  its  distinguished  qualities 
are  that  it  is  very  fusible,  and  causes  other  metals  to  be(x>me  sa 
It  melts  when  pure  at  480^ ;  it  may  be  distilled  in  a  close  vessel, 
and  then  crystallizes  in  lamina.  It  is  very  brittle^  like  antimony, 
and  of  a  brilliant  lustre ;  its  color  is  white,  tending  to  flesh-color. 
Its  specific  gravity  is  9'83,  which  may  be  increased  to  9'88  by 
hammering.  It  expands  in  the  act  of  cooling,  which  renders  it 
peculiarly  suitable  for  castings. 

Ores. — ^There  are  many  minerals  which  contain  bismuth,  but 
they  do  not  often  occur  in  such  quantities  as  to  make  the  extrac- 
tion of  the  metal  profitable.  The  metal  is  not  very  valuable,  and 
notwithstanding  its  scarcity  it  is  sold  at  a  low  price.  It  occurs 
native,  and  is  then  easily  obtained.  Native  bismuth  is  found  in^ 
Monroe,  Ct.,  where  it  is  associated  with  wolfram,  galena,  blende, 
and  quartz ;  also  in  Chesterfield,  South  Carolina ;  and,  of  course, 
in  many  locaUties  of  other  parte  of  the  world.  Sulphnret  of  bin- 
muth  occurs  at  Haddam,  Conn.  The  carbonate  is  found  in  the 
gold  district  of  Chesterfield,  South  Carolina;  and  the  sulphuret 
and  lead  and  copper,  at  Lubec  lead  mines,  in  Maine.  Telluric  bis- 
muth exists  in  the  gold  regions  of  Virginia  and  North  Carolina. 
All  the  metal  in  market  is  obtained  almost  exclusively  from  co- 
balt-speise,  at  the  smalt  works  of  Germany.  This  residuum,  from 
which  also  nickel  is  extracted,  contains  on  the  average  7  per  cent 
of  bismuth. 

Allays. — The  compounds  of  bismuth  are  distinguished  by 
fusibility,  at  a  lower  degree  of  heat,  than  those  of  most  other 
metals.  Eight  parts  of  bismuth,  5  of  lead,  and  8  of  tin  melt  at 
202^.  Two  bismuth,  1  lead,  1  tin,  melts  at  a  little  lower  heat 
The  addition  of  mercury  increases  the  fusibility  of  the^e  alloys. 
One  bismuth^  2  tin,  1  lead  is  soft  solder  for  pewter.  Clichds  for 
stereotypes  are  composed  of  3  lead,  2  tin,  5  bismuth  ;  this  alloy 
melts  at  199^ ;  45*5  bismuth,  28*5  lead,  17  tin,  and  9  mercury,  is 
an  alloy  for  plugging  teeth ;  it  fuses  at  149°.  An  amalgam  of 
20  bismuth  and  80  mercury  is  used  for  silvering  the  interior  of 
glass  globes.  Like  antimony,  bismuth  forms  an  alloy  readily 
with  the  alkaline  metals.  Its  affinity  for  arsenic  is  very  weak, 
like  that  of  phosphorus ;  both  of  these  substances  may  be  evapo- 
rated from  the  hot  metal  almost  entirely.  All  its  compounds 
with  precious  metals  are  very  brittle.  Bismuth  has  been  pro- 
posed instead  of  lead  for  refining  silver ;  but  the  experiments 
performed  with  it  were  not  satisfactory.    A  compound  of  tin  and 
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bismuth  is  stronger,  harder,  and  more  sonorous  than  pure  tin ; 
sud  for  these  reasons  it  is  added  to  pewter.  An  alloy  of  equal 
parts  of  lead  and  bismuth  is  heavier  than  the  mean  denaity  of 
the  two  metals,  it  being  10-709. 

Uses. — Bismuth  is  scarcely  used  alone ;  it  is  chiefly  employed 
for  imparting  fusibility  to  alloys.  Besides  the  above-mentioned 
applications,  it  is  used  in  the  alloys  of  which  safety-plates  and 
plugs  in  steam-boilers  are  made.  Its  oxides  are  used  aa  cos- 
metics; also  as  paints,  and  printing  colors. 

Manufacture. — The  operation  of  smelting  bismuth  is  extremely 
simple ;  the  metal  having  but  a  weak  afi&nity  for  other  substances 
is  obtained  by  simply  heating  its  ore.     The  cut,  fig.  S32,  shows 


a  modem  liquation  furnace,  by  which  the  metal  is  obtained.  A, 
is  a  ca8^i^on  retort,  at  the  highest  part  of  which  the  crude  ore  is 
charged.  B,  shows  a  cast-iron  bowl  into  which  the  metal  flows. 
About  half  a  cwt.  of  broken  ore  is  charged  in  each  retort,  of 
which  there  are  four  in  a  furnace  side  by  side.  This  quantity 
nearly  half  fills  a  retort,  so  that  the  upper  part  of  it  is  empty. 
The  lower  end  of  it  is  closed  with  a  clay  plate,  or  slab,  pro- 
vided with  an  aperture  for  the  discharge  of  the  melted  metal 
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The  pipes,  when  properly  ignited,  soon  canse  the  metal  to  flow 
into  the  dish  B,  which  contains  some  charcoal-dust  By  apply- 
ing a  brisk  fire  and  some  stirring  to  the  ore,  all  the  metal  con- 
tained in  it  is  obtained  within  half  an  hour.  The  residuum  of 
the  ore  is  now  scraped  out  of  the  retort  into  a  trough  with  water, 
and  the  pipes  are  filled  afresh.  About  a  ton  of  ore  is  smelted  in 
a  day  of  eight  hours.  The  metal  is  remelted,  cast  into  iron 
moulds  in  the  form  of  ingots,  and  is  now  ready  for  the  market. 

The  metal  thus  obtained  is  not  pure ;  but  it  may  be  purified 
by  remelting  in  a  fiat  earthen,  or  rather  a  bone  ash-dish,  at  a 
low  heat,  removing  the  dross  as  it  appears  on  the  surface  of  the 
metal.  It  is  advisable  to  melt  the  metal  thus  obtained  in  a  purer 
form  in  a  blacklead  pot,  and  then  cast  it  into  the  mould  for  ingots. 
Bismuth  cannot  be  freed  firom  silver  by  these  means,  in  conse- 
quence of  which  the  article  of  commerce  always  contains  some 
of  that  metal.  The  production  of  this  metal  amounts  to  nearly 
10,000  pounds. 

Lead, — This  is  a  metal  generally  known.  When  pure,  it  is 
blue- white,  of  high  lustre,  and  extremely  sofl.  It  is  almost  inelas- 
tic, and  may  be  bent,  when  in  sheets,  like  moist  sole-leather. 
This  softness  admits  of  its  being  used,  like  graphite  pencils,  for 
writing  on  paper.  Its  specific  gravity  is  11-44 ;  or,  when  pure, 
only  11*35.  Lead  admits  of  being  rolled  into  thin  sheets,  and  is 
easily  drawn  into  pipes ;  it  has  little  strength.  It  melts,  or  crys- 
tallizes at  600° ;  some  assert  that  it  does  not  melt  at*  that  degree 
of  heat,  but  at  20°  higher.  A  variation  in  the  melting  heat  may 
be  observed  with  most  other  metals :  impure  is  always  more  fusi- 
ble than  pure  metal.  When  common  lead  is  exposed  to  a  melt- 
ing heat,  its  point  of  fusion  rises  with  the  time  it  is  exposed  to 
that  heat.  At  a  white  heat  lead  evaporates,  and  it  may  be  ob- 
tained crystallized  when  the  heat  is  gradually  diminished ;  sud- 
den cooling  prevents  the  formation  of  large  crystals.  All  the 
lead  of  commerce  contains  iron,  copper,  and  more  or  less  silver. 

Ores. — A  large  number  of  minerals  contain  lead ;  but  the  chief 
source  of  this  metal  is  galena,  and  we  may  assert  that  lead  is  ex- 
clusively obtained  from  that  ore  in  this  country.  Lead  occurs 
native,  but  it  is  of  no  practical  use.  It  occurs  in  combination 
with  sulphur,  selenium,  tellurium,  antimony,  oxygen,  and  other 
substances.  Most  of  the  innumerable  varieties  of  lead  ore  enu- 
merated in  mineralogical  works  occur  in  this  country ;  few  of 
them,  however,  are  used  for  the  manufkcture  of  metal,  except 
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galena.  Carbonate  of  lead  has  been  obtained  at  Phenixville,  Pa. ; 
in  Washington  and  Jefferson  counties,  Mo. ;  at  a  cave,  in  Eock 
county,  HI. ;  Wythe  county,  Virginia ;  and  in  particularly  beau- 
tiful crystals  at  the  Washington  mine,  N.  C.  All  of  these  ores  fonn 
mere  cabinet  specimens.  Phosphate  of  lead  occurs  at  almost 
every  lead  mine,  as  a  faint  green  or  gray  substance,  either  crys- 
tallized or  without  definite  form ;  chlorides,  sulphates,  and  other 
salts  of  lead  are  also  found ;  but  they  are  of  little  interest  to  the 
metallurgist. 

Oalena. — Sulphuret  of  lead.  This  may  be  considered  the 
matrix  of  all  other  lead  ores ;  where  they  exist,  we  are  sure  to 
find  galena.  It  is  always  crystallized,  however  minute  the  crys- 
tals may  be.  The  form  of  the  crystals  is  a  cube  composed  of 
rectangular  plates.  The  color  of  the  ore  is  gray,  similar  to  that 
of  the  polished  metal,  which  it  also  resembles  in  lustre.  It  forms 
a  gray  metallic  powder  when  rubbed.  Its  specific  gravity  is  7'3 
to  7-7.  •  Galena  consists  of  86*66  lead,  and  13-34  sulphur.  The 
ore  contains  also,  at  times,  selenium,  zinc,  silver,  copper,  anti- 
mony, and  other  metals.  Silver  is  the  most  valuable  of  these  ad- 
mixtures, and  frequently  is  extracted  fi'om  the  metal.  German 
galena  contains  fi-om  -03  to  '05  per  cent,  of  silver ;  the  English, 
•02  to  '03 ;  the  ore  at  Monroe,  Ct.,  3  per  cent. ;  Eaton,  N.  H.,  -1 
per  cent. ;  and  that  from  the  State  of  Arkansas  may  contain  from 
•003  to  '05  per  cent.  Galena  occurs  in  beds  and  veins,  both  in 
crystalline  and  stratified  rock.  It  is  often  associated  with  blende, 
iron  ore,  copper  pyrites,  and  a  variety  of  other  lead  ores.  It  oc- 
curs in  gangue  of  heavy  spar,  calc  spar,  quartz,  and  other  sub- 
stances. The  most  extensive  deposits  of  it  in  the  United  States 
are  in  Missouri,  Illinois,  Iowa,  Wisconsin,  Arkansas,  Virginia, 
N.  Carolina,  and  California.  The  lead  ores  of  Missouri  extend 
over  3,000  square  miles.  From  the  Mississippi  river,  about  60 
miles  above  St  Louis,  they  extend  70  miles  in  length  and  45 
miles  in  width,  over  a  sterile,  rolling  country,  a  highland  prai- 
rie. The  soil  is  reddish,  colored  by  iron,  with  clay,  full  of  flint 
and  quartz  pebbles,  to  the  depth  of  ten  or  twenty  feet.  The  lead 
region  of  Wisconsin  is  equally  extensive  as  that  of  Missouri,  if  not 
more  so ;  it  comprises  about  5,000  square  miles,  extending  into 
Iowa  and  Illinois.  The  diggings,  or  mines,  in  these  regions,  do  not 
ofl«n  exceed  a  depth  of  25  or  30  feet.  Immense  masses  of  ore  have 
been  extracted  from  these  ditches.  These  regions,  and  those  of 
Missouri,  furnish  all  the  lead  which  is  at  present  manufactured 
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in  the  Union,  with  the  exception  of  very  little  smelted  on  the  east- 
em  side  of  the  AUeghanies.  Considerable  quantities  of  lead  ore 
occur  in  the  State  of  New- York ;  in  St.  Lawrence  county,  Sulli- 
van county,  Columbia  county ;  in  the  States  ofMaine,  New  Hamp- 
shire, Massachusetts,  Virginia,  North  Carolina,  and  Tennessee, 
there  are  workable  mines.  More  than  nine-tenths  of  the  lead 
consumed  in  the  United  States  is  derived  from  the  north-western 
lead  mines,  which  produced,  last  year,  in  pounds,  about  40  mil- 
lions, and  can  furnish,  without  much  exertion,  twice  as  much. 
Galena  is  not  free  from  foreign  metals,  of  which  silver  is  always 
present  This  ore  is,  therefore,  not  only  an  accidental  silver  ore, 
but  it  may  be  considered  argentiferous  in  all  its  varieties.  The 
amount  of  silver  in  lead  ore  is  easily  ascertained  by  an  assay, 
and  ought  to  be  thus  determined  when  it  is  doubtful.  As  a 
a  general  rule  we  may  state,  that  the  purest  kinds  of  galena  con- 
tain the  least  silver.  The  ores  of  the  secondary  and  younger 
formation,  particularly  the  ore  of  the  limestone  of  that  period,  is 
always  poor  in  silver.  All  deposits  of  galena  which  occur  in 
heavy  masses  are  also  poor  in  silver.  Galena  which  in  small 
veins  ramifies  a  stratified  rock  is  generally  rich  in  silver,  and  the 
smallest  branches  and  forks  are  richest.  The  heaviest  deposits 
of  galena  occur  in  limestone  rock.  The  dimensions  of  a  vein 
diminish  as  it  penetrates  sandstone  strata,  and  grow  still  smaller 
in  traversing  shale  or  slate.  In  these  rocks  the  metal  is  frequently 
replaced  by  clay  or  fragments  of  rock,  and  the  vein  does  not  show 
any  ore. 

Alloys  of  Lead. — A  very  extensive  use  of  the  alloys  of  lead  is 
made  in  type  metal.  Nine  lead  and  one  antimony  forms  common 
type  metal ;  seven  lead  and  one  antimony  is  used  for  large  and 
soft  type;  six  lead  and  one  antimony  for  large  type;  five  lead 
and  one  antimony  for  middle  type ;  four  lead  and  one  antimony 
for  small  type ;  and  three  lead  and  one  antimony  for  the  smallest 
kinds  of  type.  Type  metal  frequently  contains  tin,  copper,  bis- 
muth, and  other  metals.  Stereotype  metal  is  generally  lead  al- 
loyed with  antimony  in  the  rates  of  4  to  8  of  the  former  to  one 
of  the  latter ;  to  this  is  always  added  some  bismuth,  tin,  and  fre- 
quently a  little  copper.  Soft  solder  varies  from  66  lead  to  38 
lead  in  100  parts,  the  rest  is  tin.  A  small  amount  of  bismuth 
renders  lead  tougher ;  equal  parts  of  each  and  bismuth  form  a 
brittle  alloy.  Lead  and  tin  melt  together  in  all  proportions,  form- 
ing a  harder  and  tougher  metal  than  either  alone.    A  small  ad- 
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dition  of  lead  to  brass  causes  the  latter  to  be  tougher  and  more 
suitable  for  use  in  the  machine  shop.  Lead  has  a  strong  affinity 
for  carbon ;  oxide  of  lead  mixed  with  fine  carbon,  and  heated  in 
a^  covered  crucible,  forms  a  black  carburet  of  lead.  Lead  unites 
with  potassium  or  sodium  like  antimony,  but  does  not  absorb  so 
large  quantities  of  the  alkaline  metals  as  the  latter.  Arsenic  has 
a  strong  affinity  for  lead,  and  combines  with  it  on  covering  melted 
lead  with  arsenious  acid ;  arsenic-lead  and  oxide  of  lead  is  thus 
formed.  This  alloy,  98  lead  and  2  arsenic,  is  used  for  making 
shot,  by  dropping  the  fused  metal  from  a  high  elevation  in  a  shot- 
tower  into  a  basin  of  water ;  or  throwing  the  fluid  metal  down  a 
stack  of  limited  height,  in  which  a  strong  draught  of  air  is  pro- 
duced by  a  blast-machine.  Mercury  amalgamates  very  readily 
with  lead.  A  rod  of  lead,  bent  in  the  form  of  a  syphon,  will 
transfer  mercury  fix)m  one  vessel  to  another  in  the  same  manner 
as  lamp-wick  conducts  oil.  An  amalgam  of  lead  crystallizes 
similar  to  that  of  gold,  from  which  the  superfluous  mercury  may 
be  separated  by  pressing  it  through  buckskin.  Copper  and  lead 
do  not  combine  very  readily,  they  require  a  white  heat  for  union. 
The  alloy  thus  formed,  imder  the  influence  of  a  high  heat,  must 
be  suddenly  cooled,  or  both  metals  will  separate  in  cooling.  Lead 
may  be  separated  from  copper  by  liquation,  as  practised  in  refin- 
ing tin ;  but  all  the  lead  cannot  be  removed  by  these  means ;  a 
small  quantity  always  adheres  tenaciously  to  copper.  Tlys  alloy 
is  brittle ;  a  little  lead  is  injurious  to  copper.  Organ  pipes  con- 
sist of  lead  alloyed  with  tin,  about  half  and  half.  This  alloy  is 
cast,  instead  of  rolled,  in  the  desired  form  of  sheets,  in  order  to 
obtain  a  crystallized  metal  which  produces  a  finer  tone.  The 
sheets  are  formed  in  casting  the  metal  on  a  horizontal  table,  the 
thickness  is  regulated  by  the  height  of  a  rib,  or  bridge,  at  one  end, 
over  which  the  superfluous  metal  flows  off.  The  rough  sheets 
thus  obtainec^are  planed,  by  means  of  a  carpenter's  plane,  bent 
up,  and  soldered.  An  alloy  of  10  lead  and  29  tin  forms  a  metal 
of  high  lustre,  which,  when  cast  over  a  polished  glass  or  ftietal 
plate,  shows  a  most  brilliant  polish.  "When  ends  of  glass  rods, 
previously  ground  to  the  forms  of  cut  precious  stones,  are  dipped 
into  this  melted  alloy,  convex  metal  cups  are  formed  which  resem- 
ble the  sparkling  of  diamonds.  This  alloy  is  soft,  and  cannot 
bear  wiping  with  a  cloth. 

Uses  of  Lead. — The  application  of  lead  for  pipes,  cisterns,  and 
domestic  utensils  is  generally  known.    It  is  extensively  used  in 
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manafacturing  wbite  paint,  whitelead,  and  carbonate  of  lead. 
The  rich  colors  of  chromium  are  cHefly  lead  and  that  metaL 
The  salts  of  lead  are  poisonous ;  and  thoae  who  make  use  of  this 
metal  for  conducting  wat«r  or  fonning  cooking  uteneila,  ought  to 
reflect  before  adopting  it.  Lead  in  sheels  is  inserted  in  founda- 
t3on*wal1s  for  preventing  dampness  in  dwellings.  It  is  worthy 
of  attention  that  iron  bars,  fastened  by  means  of  lead  into  stones, 
have  been  protected  against  corrosion  by  this  metal;  we  find 
iron  rods  in  old  buildings,  which  have  thus  been  preserved  for 
centuries. 

The  total  annual  production  of  lead  may  be  estimated  at  about 
120,000  tons ;  of  which  the  United  States  fnmiah  about  20,000 
tons ;  Spain  80,000  tons,  and  England  40,000  tons ;  the  remain- 
der is  manufactured  in  other  parts  of  the  world. 

Manufacture  of  Lead. — Although  lead  may  readily  be  revived 
from  its  ores  by  applying  a  moderate  heat  and  by  simple  means^ 
yet,  to  obtain  as  much  metal  as  possible  at  the  least  cost,  has 
given  rise  to  a  variety  of  forms  in  furnaces  and  methods  in  the 
treatment  of  ores.  Galena  is  reduced  simply  by  melting  it  in  a 
black  poL  If  a  Western  backwoodsman  wants  shot  or  bullets, 
he  will  kindle  a  fire  in  a  hollow  tree  or  an  old  stump  of  a  tree, 
place  some  galena  on  the  charred  wood  and  melt  it  down.  AAer 
cooling,  be  finds  the  metal  at  the  bottom  of  the  hollow.  For- 
merly lead  was  smelted  in  log-furnaces,  in  Missouri — a  rude  kind 
of  square  fnrnace,  constructed  of  logs  or  stones.     Fig.  3S3,  shows 


such  a  furnace.  The  iront  wall  of  such  a  furnace  is  about  8  feet 
wide,  and  7  high.  The  hearth  in  the  bottom  of  the  interior  is  about 
2  feet  wide,  8  feet  long,  and  10  or  12  inches  high,  forming  ledges 
or  boshes  with  the  side-walls  1  foot  in  width.     The  arch  in  front, 
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wluch  admits  air  into  the  frirnace,  is  about  2  feet  high  and  wide, 
and  is  temporarily  shut  by  stones,  clay,  or  brick.  A  basin  in 
firont  of  the  furnace  receives  the  fused  metal,  from  which  it  is 
ladled  into  the  pig-moulds.  The  operation  in  this  furnace  was 
simple;  a  layer  of  heavy  logs  was  placed  horizontally  in  the 
bottom;  then  billets  of  split  wood  were  set  upright,  and  these 
covered  with  galena ;  the  top  of  the  ore  was  covered  by  small 
wood.  A  fire  kindled  in  the  front  arch  will  char  the  lower  parts 
of  wood  first ;  and  by  the  time  the  heat  is  conveyed  to  the  ore 
sufficient  for  melting,  the  hot  charcoal  below  i^ill  expel  sulphur 
and  precipitate  the  metal,  which  flows  out  as  it  is  formed.  One 
heat  requires  24  hours ;  after  which  the  furnace  is  cooled  and 
the  ashes  removed ;  then  it  is  charged  anew.  About  50  per  cent 
of  metal  is  thus  obtained  from  the  ore.  The  ashes  which  re- 
main contain  much  metal,  and  are  subjected  to  a  second  smelt- 
ing in  the  ash-furnace.  Both  these  kind  of  furnaces  are  now  obso- 
lete ;  they  are  replaced  by  more  perfect  ones. 

In  the  system  of  smelting  lead  ores  there  is  more  variety  than 
in  any  other  class  of  smelting  operations.  The  ore  is  not  generally 
roasted  in  this  country  previous  to  smelting,  although  it  is  in 
others.  A  preparation  of  the  ore — such  as  crushing  and  washing 
— ^is  not  practised  here,  however  carefully  done  in  other  parts  of 
the  world.  We  shall  describe  the  various  methods,  and  allude 
to  such  apparatus  and  operations  only  as  are  approved  of  at  the 
present  time. 

The  method  of  smelting  lead  at  the  northwestern  mines  in 
Wisconsin,  Missouri,  and  the  adjoining  States,  is  to  pick  the  ore 
well  by  hand  and  remove  gangue,  which  consists  chiefly  of  heavy 
spar  and  quartz,  and  then  smelt  it  in  reverberatory  or  blast  fur- 
naces. The  rich  slags  obtained  by  these  processes  are  once  more 
subjected  to  smelting  in  a  slag-furnace.  There  is  not  much  dif- 
ference in  the  form  of  the  reverberatory  fiimaces  for  smelting 
lead  or  other  metals ;  that  which  is  represented  in  figs.  834  and 
385,  will  impart  quite  as  correct  an  idea  of  such  a  furnace  as  any 
other  form.  The  furnace  hearth  for  smelting  lead  is  about  8  feet 
long,  and  6  feet  wide ;  the  arch  is  24  or  26  inches  above  the  bot- 
tom. There  are  2  or  8  small  work  doors  on  each  side  of  the  fur- 
nace, beside  the  tap-hole  for  the  metal,  and  one  for  the  scoria.  The 
hearth  is  formed  of  poor  refractory  slags,  firmly  rammed  down 
to  form  a  basin  towards  the  tap-side.  From  this  side  the  metal 
is  run  into  an  iron  kettle,  from  which  it  is  ladled  into  moulds. 
42 
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Jn.  the  middle  of  tlie  roof  there  is  an  aperture  for  Purging  the 
ore  into  the  furnace. 


When  the  furnace  is  heated  and  charged  with  about  a  ton 
of  ore,  a  gentle  heat  ia  applied  for  the  first  couple  of  hours.  All 
the  doors  are  closed  during  this  interval,  and  the  register  at  the 
chimney  ia  lowered.  During  this  process  of  sweating,  some  metal 
is  separated  and  gathers  in  the  basin  of  the  furnace.  When  the  ore 
is  thus  uniformly  heated,  some  fine  charcoal  is  thrown  into  the  fur- 
nace and  mixed  with  the  slag.  The  metal  thus  formed  is  tapped 
off,  the  heat  raised,  and  then  the  slag  is  diligently  stirred.  When 
the  charcoal  mixed  with  the  ore  is  nearly  consumed,  more  is 
thrown  in,  and  the  slag  and  coal  are  turned  over  together  by 
means  of  paddles,  or  iron  bars  flattened  at  one  end.  This  opera- 
tion of  altemalcly  throwing  in  fine  coal,  mixing  it  with  the  ore 
and  tapping  metal,  ia  continued  until  nearly  all  of  it  is  exhausted 
from  the  ore.  The  heat  in  the  furnace  is  a  dull  red  heat,  kept  up 
rather  by  means  of  the  burning  sulphur  than  the  combustion  of 
any  fuel  in  the  grate.     When  the  metal  is  nearly  extracted  from 
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the  ore,  the  heat  is  gradually  raiaed  on  it.  At  last  some  few 
shovels  full  of  quicklime,  with  some  charcoal,  are  thrown  in, 
and  this  mixed  with  the  ore,  and  to  it  a  strong  heat  is  imparted. 
This  generally  brings  out  all  the  metal  which  can  be  obtained, 
and  which  amounts  to  about  72  per  cent,  of  the  ore  at  the  West- 
ern furnaces.  The  slag  which  is  removed  after  the  charge  is  ex- 
hausted, is  subjected  to  re-smelting  in  the  slag  furnace.  About 
4  hours  are  required  for  one  heat  at  a  furnace ;  smelting  about  4 
tons  of  metal  in  24  hours.  Near  Galena,  Mo.,  about  1  cord  of 
wood  is  used  for  smelting  a  ton  of  lead ;  the  wages  amount  to 
$2  50,  and  general  expenses  about  $2. 

The  blast  furnaces  in  use  for  the  reduction  of  galena,  are  about 
8  or  7  feet  high,  and  12  inches  wide.  They  are  worked  by  a  tu- 
yere in  the  back  of  the  furnace.  The  interior  does  not  materially 
differ  in  form  from  a  common  cupel  oven,  with  the  exception  of 
being  square,  and  having  an  ©pen  tymp.  In  fig.  S36  a  vertical 
section  of  such  a  furnace  is  shown ;  it  requires  no  particular  de- 


scription. The  operation  of  smelting,  which  we  shall  describe 
hereafter,  ia  very  simple.  In  the  Western  States  the  furnace  is  fed 
with  charcoal,  of  which  10  bushels  are  consumed  for  smelting  1  ton 
of  lead ;  besides  y',  of  a  cord  of  wood.  Three  thousand  pounds  of 
ore  furnish  about  a  ton  or  2,100  pounds  of  metal,  which  makes 
the  yield  70  per  cent.  Three  hands  are  required  to  attend  a  fur- 
nace. The  expenses  of  smelting  a  ton  of  lead  do  not  amount  to 
more  than  $5  or  $6,  inclusive  of  charcoal.  A  furnace  furnishes 
1  ton  of  metal  in  12  hours. 
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Hie  slagfl  obtained  from  tte  leTerberatoiy  and  the  blast  fat' 
nace,  and  those  from  all  ash  lomaces  of  the  lead  region,  are  t» 
Bmelted  in  the  slag  fiimace.  This  is  a  lov  Aimace  about  2|  or 
8  feet  high,  aid  abont  24  inches  square,  or  the  horiaootal  section 
forms  an  oblong  of  22  by  26  inches.    Fig.  837  repreaenis  a  alag 


{omace.  The  hearth  in  which  the  redaction  is  performed,  is  oon- 
Btnicted  of  cast-iron  plates,  so  that  no  lead  may  be  lost  in  dissolv- 
ing the  hearthstones.  The  IVont-pkte  is  exposed  to  the  fire,  the 
others  are  covered  by  heavy  charcoal  dust;  the  bottom  slopes 
very  much,  as  is  shown  in  the  drawing.  Some  of  these  furnaces 
are  not  provided  with  iron  plates;  they  are  conseqnently  much 
exposed  to  injury  by  the  fused  slag,  and  cause  in  consequence 
loss  of  metal.  In  front  are  two  iron  basins,  one  receives  the 
melted  lead  and  scoria  ae  they  issue  from  the  furnace ;  the  lead 
remains  in  the  first,  the  scoria  runs  over  the  top  of  it  into  the  sec- 
ond basin,  and  as  this  is  filled  with  cold  water,  it  is  cooled,  flies 
into  small  pieces,  and  is  thus  shovelled  out  and  thrown  aside. 
The  slags  before  they  are  subjected  to  reduction  in  these  fnmacea, 
are  either  pounded  in  a  stamping  mill  in  order  to  recover  grains 
of  metal  which  may  happen  to  be  inclosed  in  them,  or  are  simply 
broken  into  pieces  of  the  size  of  a  hen's  egg,  by  means  of  a  ham- 
mer or  pounder.  The  yield  of  a  furnace  is  equal  to,  and  some- 
times, by  smelting  rich  slags,  superior  to  that  of  the  blast  furnace ; 
2,500  pounds,  and  frequently  more,  lead  is  smelted  in  12  hours. 
The  slags  obtained  are  by  no  means  free  from  oxide  of  lead ;  it 
contains  as  much  as  20  per  cent  of  metal  Charcoal  is  in  general 
use  as  fuel  in  these  furnaces. 
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At  tbe  Engliah  mines  the  ores  are  subjected  to  a  mechanical 
purification  before  sending  them  to  the  smelt-worka.  The  crude 
ore  is  assorted  hj  hand,  after  which  it  is  subjected  to  grinding  be- 
tween fluted  Holers,  similar  to  those  represented  in  fig.  338. 


When  the  ore,  or  a  part  of  it  is  so  hard  as  to  injure  the  hard  cast- 
iron  rollers,  it  is  sent  to  the  stamping  mill.  Ores  which  are  re- 
quired to  be  very  fine  are  also  stamped,  after  having  been  crushed 
between  the  rollers.  Thus  conyerted  into  sand,  it  ia  washed  in 
order  to  remove  gangue  and  adhering  impurities.  The  crude 
pieces  are,  in  some  instances,  sifted  and  washed  before  they  are 
crushed.  After  tbe  ore  has  been  so  far  diminished  in  size  as  to 
be  suitable  for  effectual  washing,  it  is  sifted  into  the  tOBsing-tub, 
fig.  339,  or  into  the  jigging  apparatus.    This  is  a  tub  with  water, 


in  which  a  round  common  sieve  is  moved  by  hand,  and  in  direct- 
ing that  motion  skilfully  up  and  down  the  impurities  are  brought 
on  the  top  of  tlio  or  '.  The  separation  of  impurities  is  essentially 
effected  by  band,  the  use  of  sieves  and  water  merely  assists  this 
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operation.  The  leading  object  in  this  case  is  to  force  water 
through  the  meshes  of  a  sieve,  in  which  a  couple  of  inches  of  ore 
sand  is  contained ;  the  water  in  passing  Enough  the  stratum  of 
ore  will  raise  the  light  particles  above  the  heavy  ones,  which 
finally  form  the  lower  stratum  in  the  sieve.  It  is  immateiial  to 
the  success  of  the  operation  if  the  water  is  moved,  or  the  sieve 
with  the  ore  is  moved;  the  first  plan  has  been  successfully  re- 
sorted to,  and  a  pump  made  to  drive  water  through  stationary 
sieves.  The  impure  residuum  thus  obtained,  is  subjected  to  wash- 
ing in  a  cistern,  simply  by  agitation  with  a  shovel ;  or,  the  ore  is 
washed  in  a  short  labyrinth.  The  most  successful  mode  of  sep- 
arating the  impurities  Irom  the  crushed  ore,  is  that  by  means  of 
the  sweep-table,  shown  in  figs.  340  and  S41.  The  operation  on 
these  tables  has  been  deacribed  in  Fart  Second  of  this  work. 


wtf-tn. 


A  machine  generally  useful  is  the  dolly  tub,  shown  in  fig.  342. 
In  turning  the  vertical  shaft  with  its  paddles,  by  means  of  the 
pulley  A,  or  a  winch,  the  ore  and  water  in  the  tub  are  set  in  mo- 
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tion;  the  first  on  being  suspended  in  the  latter  will  settle  soonest, 
and  the  lighter  impurities  afterwards.  The  separation  may  bo 
accelerated  by  striking  the  sides  of  the  tub. 


The  smelting  of  lead  ores  in  England  is  almost  exclusively 
performed  in  reverberatory  furnaces.  Fig.  S43  A  shows  the  ver- 
tical section  of  a  smelting  furnace,  and  B  a  plane  of  it     The 


hearth,  which  is  about  12  feet  both  in  length  and  width,  is  formed 
of  slags  and  considerably  hollow ;  it  is  about  24  inches  from  the 
doorsill  to  the  deepest  place.  Its  general  slope  is  towards  the 
basin  C,  where  it  is  lowest. 

The  operation  in  these  furnaces  is  similar  to  that  described 
above.  When  the  hearth  is  formed  by  refuse,  or  slags  of  previous 
smeltings,  and  settled  by  beat,  the  ore  is  charged  through  the 
aperture  in  the  top,  to  the  amount  of  20  cwt.  at  once.     It  ia  sub- 
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jected  for  2  hours  to  a  gentle  heat,  bo  as  to  expel  most  of  the 
sulphur ;  meantime  all  apertures  to  the  fumaoe  are  closed.  At 
the  expiration  of  that  time  the  fumaoe  is  opened,  and  the  reduc- 
tion of  the  ore  gradually  accomplished,  by  throving  in  small  char- 
coal, stilling  the  mass,  and  tapping  the  metal  into  the  basin  C.  The 
slag  which  passes  oot  with  the  metal  is  returned  to  the  furnace, 
and  worked  with  the  other  slags.  "When  the  ore  is  almost  ex- 
hausted of  ita  lead  some  quicklime  is  thrown  in,  a  strong  heat  is 
finally  given,  and  when  all  the  lead  which  toay  be  obtained  is  re- 
moved, the  slags  are  drawn  out  and  a  fresh  charge  of  ore  is  in- 
troduced. From  4}  to  5  hours  are  required  for  the  extraction  of 
die  metal,  after  which  the  slags  still  contain  from  20  to  25  per 
cent  of  metal.  From  |  to  f  of  a  ton  of  inferior  mineral  coal  is 
consumed  in  smelting  a  ton  of  lead. 

In  some  parts  of  England,  the  blast  furnace  called  Scotch  fur^ 
nace,  fig.  344,  is  used  for  smelting  lead  ores.     In  that  case  tlie 


ores  are,  previously  to  smelting,  roasted  in  a  reverberatory  fiir- 
nace  with  a  shallow  or  flat  hearth.  In  roasting,  about  half  a  ton  of 
ore  is  charged,  gently  heated  and  diligently  stirred  for  two  or  three 
hours,  so  as  to  expel  all  or  most  of  the  sulphur.  Boasted  ore 
fomishes  about  twice  the  quantity  of  metal,  in  the  same  time  that 
crude  ore  does.  From  one  to  two  tons  of  metal  are  smelted  in  a 
furnace  during  a  shift  of  14  or  15  hours.  The  metal  of  this  opera- 
tion is  generally  very  pure,  and  of  a  superior  quality. 

The  rich  slags  produced  either  in  the  reverberatory,  or  in  the 
blast  furnace,  are  rcsmelled  in  the  slag  furnace,  as  described  above. 

In  France  the  smelting  of  lead  ores  is  in  some  places  per- 
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formed  in  reverberatory  furnaces,  with  the  assistance  of  iron  ore. 
When  the  crude  ore  and  slags  in  the  furnace  are  so  far  exhausted 
of  their  metal,  as  to  yield  no  more  lead  bj  the  addition  of  small 
charcoal  and  increased  heat,  the  smelter  throws  into  the  furnace 
some  stamped  and  washed  sparry  iron  ore,  instead  of  lime ;  this 
aaioonts  to  about  10  per  cent  of  the  lead  ore  primarily  charged. 

This  addition  stiflens  the  slag ;  which  is  now  withdrawn  from 
die  fiimaca,  and  subjected  to  resmelting  in  the  slag-hearth.  Nearly 
all  the  lead  is  obtained  &om  the  slags  in  this  last  operation. 

In  Clermany  generally  the  ores  are  puriSed  by  band ;  washed, 
stamped,  and  washed  again,  and  roasted  with  salt,  or  iron,  or 
iron  ore. 

The  roasted  ore  is  smelted  in  blast-furnaces,  which  are  &om 
12  to  14  feet  high.  The  construction  of  such  a  furnace  is  shown 
in  fig.  345.    The  front  or  ^mp  of  the  furnace  is  walled  up  with 


brides,  which  are  temporarily  put  in  with  clay  mortar.  The  width 
of  the  furnace  is  from  12  to  14  inches  square  cor  oblong.  The 
hearth,  or  bottom  of  the  furnace,  is  formed  of  a  mixture  of  loam 
and  charcoal  dust  firmly  rammed  in.  The  basin  outside  of  the 
tymp  contains  the  lead  which  is  tapped  off  by  opening  a  tap-hole 
oommunicating  with  its  bottom.  The  slags  are  conducted  on  a 
slope  to  a  basin  wherein  they  are  accumulated  for  re-smeltiag. 

This  furnace  may  be  fed  either  by  charcoal  or  coke ;  the  lat- 
ter requires  a  blast  somewhat  stronger  than  the  former,  but  in  no 
case  more  than  ^  or  J  pound  pressure.    A  tan-blower  is  sufficient 
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for  charcoal ;  coke  requires  a  cylinder  blast  Coke  operates  as 
well  as  charcoal,  and  yields  equally  as  much  and  as  good  metal 
from  the  ore  as  the  latter.  In  working  the  furnace,  it  is  warmed 
previously  to  charging  ore,  which  is  mixed  with  fluxes,  such  as 
litharge,  iron  ore,  calc-spar,  fluor-spar,  or  other  substances.  Fuel 
and  ore  are  charged  alternately,  as  at  any  other  blast  furnace. 
The  blast  is  gently  urged  in  case  charcoal  is  the  fuel.  The  metal, 
or  metals,  gather  below  the  tuyere  in  the  basin  of  the  beardi,  and 
separate  into  various  strata ;  pure  lead  and  all  the  silver  is  at  the 
bottom ;  upon  this  there  is  a  stratum  of  alloys  of  lead  and  other 
metals,  and  on  the  top  a  stratum  of  matt  which  is  covered  by  the 
poor  srlicious  slags.  The  latter  may  be  carefully  drawn  off  and 
removed  without  drawing  any  matt  or  metal.  When  the  matt 
reaches  so  high  as  to  admit  very  little  slag  on  its  surface,  the  blast 
is  stopped,  the  tuyere  temporarily  closed  up,  and  the  metal  tapped- 
mto  the  basin.  As  the  purest  metal  is  below  the  matt,  and  the 
furnace  tapped  at  the  bottom,  this  flows  out  first ;  and  when  the 
drawing  is  not  hurried,  it  may  in  some  measure  be  separated  from 
the  impure  metal  and  the  matt  on  its  top.  Generally  the  metal 
is  tapped  from  the  furnace  at  intervals  of  8  hours,  and  very  little 
is  left  in  the  fiirnace.  When  it  is  thus  removed,  the  hearth  is 
cleared  of  adhering  cinder  by  opening  the  tymp,  and  the  opera- 
tion goes  on  as  before.  A  continual  blast  of  six  days  and  nights 
work  may  tlius  be  made,  after  which  the  furnace  is  cooled  and 
thorouglily  repaired.  In  the  basin  before  the  hearth,  into  which 
the  metal  has  been  tapped,  and  which  is  kept  well  heated,  the 
metals  separate  again  into  different  strata,  which  may  be  obtained 
after  removing  the  cold  crust  of  slags,  as  it  forms  on  the  surface. 
As  the  purest  lead  is  at  the  bottom  of  the  basin,  it  is  ladled  out 
after  the  upper  strata  of  alloy  and  matt  have  been  removed.  In 
this  openition  the  poor  slags  are  thrown  away,  and  the  rich  ones 
and  matt  are  resmelted  with  the  ore. 

The  best,  and  purest  kind  of  lead  is  smelted  in  a  peculiarly 
constructed  reverberatory  furnace,  of  which  fig.  346  A,  shows  a 
vertical  section  across  the  furnace.  We  observe  here  the  strongly 
sloping  hearth.  B  is  a  longitudinal  section,  and  C  shows  a  plane 
of  hearth,  grate  and  charging  door  D.  The  hearth  is  formed  of 
loam,  about  12  inches  thick,  into  the  surface  of  which  a  layer  of 
finely  broken  slags,  about  4  inches  thick,  is  firmly  pounded,  and 
cemented  by  heat.  The  basin  of  the  hearth  is  about  6  inches 
deep ;  towards  both  bridges  it  rises  considerably  more.   The  hearth 
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of  the  furnace  is  about  12  feet  long,  and  8  feet  wide.    Wood  ii 
need  wfiieL. 


The  operation  in  this  furnace  is  similar  to  that  described  above, 
for  other  reverberatories.  The  ore  is  successfully  sweated,  roasted, 
and  reduced.  The  slags  which  remain  after  that  operation  are 
reduced  in  the  blast  furnace.  In  front  of  the  furnace,  as  we  have 
stated  before,  is  a  cast-iron  pan,  or  kettle,  into  which  the  lead  is 
tapped,  and  from  which  it  is  ladled  into  the  pig  moulds.  In  tliese 
pans  very  large  crystals  of  lead  may  be  obtained,  when  the  metal 
is  suffered  to  cool  slowly. 


At  the  Hartz  mountains,  in  northern  Germany,  galena  is  re- 
dnced  by  the  assistance  of  iron  in  blast,  or  elbow  furnaces.  When 
constructed  for  using  coke,  these  furnaces  are  very  low,  or  not 
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more  than  3  or  4  feet  high ;  for  charooal  they  are  firom  18  to  20 
feet  higL  Fig.  347  shows  at  A,  a  vertical  section  of  ore  throogh 
the  tuyere.  B  is  a  vertical  section  seen  from  the  front  The 
fiimace  is  chiefly  constructed  of  granite,  or  sandstone.  The 
hearth  is  formed  of  fine  coal  and  clay.  The  tymp  is  of  common 
brick.  The  interior  is  about  2  J  feet  by  15  inches  at  the  tuyere ; 
the  mouth — ^top — is  15  inches  wide,  and  round.  On  the  top  of 
the  furnace  is  a  labyrinthic  succession  of  chamberSi  as  shown  in 
B,  into  which  the  dust  from  the  ore,  or  the  oxides  of  the  volatile 
metals  are  condensed.  The  mouth  is  funnel  shaped  to  prevent 
the  deposition  of  volatile  metal  near  or  below  the  mouth  of  the 
furnace.  A  hood  formed  at  the  t3rmp,  and  which  communicates 
with  the  condensing  chamber,  draws  in  the  vapors  of  those  metals 
which  escape  at  the  tymp. 

The  ore  which  is  smelted  in  these  furnaces  is  always  extremely 
well  prepared,  pounded  and  washed.  Instead  of  iron  ore,  granu- 
lated cas^iron  is  used  with  success.  The  ores  may  be  very  im- 
pure, but  the  lead  is  always  obtained  in  great  purity. 

Theory  of  smelling  Lead  Ore, — The  reduction  of  lead  ores  is 
extremely  simple.  In  all  instances  of  smelting,  a  considerable 
loss  of  metal  is  experienced,  which  has  been  the  cause  of  a  close 
examination  of  the  process,  and  we  may  assert,  that  no  metallur- 
gical operation  is  more  thoroughly  and  scientifically  known  than 
the  reviving  of  lead.  This  metal  is  in  most  instances  the  bearer 
of  silver,  the  bulk  of  which  is  obtained  from  lead  ores.  In 
order  to  investigate  the  cause  of  the  loss  in  lead  metal,  and  also  a 
suspected  loss  of  precious  metal,  much  labor  and  ingenuity  has 
been  bestowed  on  this  subject. 

In  the  smelting  of  crude  galena  in  a  reverberatory  furnace, 
the  sulphuret,  is  at  the  commencement  of  the  operation,  deprived 
of  a  part  of  its  sulphur  by  heat ;  metal  is  formed,  and  as  oxygen 
finds  access  to  the  ore,  oxide  of  lead,  and  consequently  sulphate 
of  lead  is  also  formed.  The  proportion  of  these  substances  de- 
pends of  course  on  the  degree  of  care  bestowed  upon  the  process. 
When  after  two  hours  the  roasting  of  the  ore  is  so  far  completed 
as  to  admit  of  its  reduction,  the  heat  is  raised  so  high  as  to  form 
a  pasty  mass.  Oxide  of  lead  and  sulphuret  of  lead  now  mix 
completely  and  form  metal,  sulphuret,  and  sulphate,  iroxa  which 
mixture  the  metal  parts  by  force  of  gravitation.  In  mixing  car- 
bon with  the  slag  the  sulphate  is  reduced  to  sulphuret,  which  is 
again  deprived  of  its  sulphur  by  heat.     Thus,  by  alternate  oxida- 
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tion  and  reduction  of  the  ore,  a  certain  amount  of  metal  is  ab- 
stracted. The  revival  of  lead  fix)m  the  slag,  causes  it  to  be  more 
refractory  at  the  end  of  the  operation  than  it  was  at  first,  because 
the  sulphuret  or  the  oxide  of  lead,  which  was  the  cause  of  its  fusi- 
bility,  is  chiefly  removed.  When  the  slags  are  so  pasty  as  to  in- 
close grains  of  metal  which  have  not  the  power  of  separating  by 
gravity  or  cohesion,  they  cannot  yield  any  metal  although  the 
whole  of  it  may  be  revived.  In  order  to  obtain  all  the  metal 
ftom  the  slag  it  ought  to  be  at  least  as  fluid  as  the  metal  itself 
at  the  same  degree  of  heat.  Such  a  slag  is  not  easily  obtained 
without  oxide  of  lead,  or  sulphurets  of  other  metals.  Salts  of 
any  kind,  such  as  fluorides,  chlorides,  and  sulphates,  form  the 
best  auxiliaries  in  this  operation  ;  and  if  present  only  in  a  small 
quantity  they  are  of  service.  Lead,  bismuth,  antimony,  and  in 
fiact  all  the  fusible  metals  will  readily  separate  from  other  matter 
than  metals,  in  virtue  of  their  gravity  and  cohesion,  but  it  is  a 
necessary  condition  of  their  separation  that  the  matter  with  which 
these  metals  are  combined  should  be  fluid.  The  metal  cannot 
separate  from  a  dry  slag,  an  agglutination  of  its  particles  is  neces- 
sary before  it  can  subside. 

A  fluid  cinder  is  necessary  not  only  for  the  agglutination  of 
the  metallic  particles,  but  also  for  their  production;  When  a 
dry  or  pulverulent  mixture  is  mixed  with  carbon,  oxygen  may 
be  abstracted  from  it  by  the  carbon ;  but  as  the  newly-formed 
particle  of  metal  is  exposed  to  the  influence  of  oxygen — which  it 
will  absorb  f5rom  the  products  of  combustion  if  it  cannot  obtain  it 
in  another  form — it  will  oxidize  as  quickly  as  it  is  reduced.  If 
metallic  oxides,  or  sulphurets  and  slags,  are  fluid,  the  addition  of 
carbon  to  the  mixture  will  deprive  the  oxidized  metal  of  oxy- 
gen ;  and  if  the  metal  as  well  as  the  slags  continue  to  be  fluid, 
the  latter  will  protect  the  first  against  oxygen.  The  fluidity  of 
the  slags  will  also  admit  of  the  subsidence  and  gathering  of  the 
metallic  particles. 

In  smelting  galena  in  a  reverberatory,  we  deprive  the  slags 
gradually  of  the  means  of  fluidity  by  abstracting  that  metal  from 
them  which  has  been  the  cause  of  their  fusibility.  This  abstrac- 
tion can  be  carried  only  to  a  certain  point.  When  the  slags 
cease  to  be  fiisible  at  the  heat  by  which  the  metal  melts,  they 
must  cease  to  furnish  metal  any  further,  however  much  may  be 
contained  in  them.  We  perceive,  therefore,  very  readily,  that 
the  quantity  of  metal  retained  by  the  slag  depends  entirely  on  its 
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fusibility,  and  not  on  its  composition.  Lead,  like  the  precioiis 
metals,  separates  easily  from  all  other  matter,  and  thus  far  the 
composition  of  the  slags  has  little  effect  on  its  quality.  If  in 
operating  on  galena,  fluxes  can  be  introduced  which  continue  the 
fluidity  of  the  slags  at  a  moderate  heat,  all  the  lead,  even  the  last 
particle  of  it,  may  be  obtained. 

The  fluidity  of  slags  depends  as  well  on  heat  as  on  their  com- 
position ;  we  may  continue  the  fluidity  of  a  slag  by  increasing 
the  heat ;  this,  however  applicable  with  some  metals,  is  not  the 
fact  with  lead.  When  the  heat  on  metals  is  raised  beyond  a 
certain  degree,  they  evaporate.  In  any  smelting  operation,  there- 
fore, it  should  not  exceed  that  degree.  Metallic  lead,  and  espe- 
cially oxide  of  lead,  sulphuret  and  salts  of  lead,  are  very  volatile, 
and  a  strong  heat  on  them  must  be  avoided.  It  must  be,  there- 
fore, the  practice  to  smelt  lead  by  as  low  a  heat  as  possible ;  and 
in  order  to  accomplish  this,  a  mixture  of  ore  must  be  prepared 
which  afibrds  a  fusible  slag  without  lead. 

Lead  combines  very  readily  with  other  substances  under  cer- 
tain conditions,  and  in  most  instances  in  definite  proportions. 
Iron  will  combine  with  sulphur  in  all  proportions,  but  not  so 
lead.  There  are  various  combinations  of  lead  and  sulphur,  which, 
when  exposed  to  heat,  form  the  combination  which  we  recognize 
in  galena.  If  less  sulphur  is  present,  metal  and  sulphuret  are 
formed.  This  accounts  for  the  revival  of  pure  lead  from  galena 
that  is  partially  roasted.  In  the  comp>osition  of  reverberatory 
and  blast  furnace  slags,  we  find  the  means  of  detecting  the  true 
conditions  under  which  lead  is  smelted  most  profitably. 

A  slag  which  had  been  deprived  of  its  metal  by  a  long-con- 
tinued operation  in  the  reverberator}^ — 16  hours'  work — con- 
tained still  13  per  cent,  of  oxide  of  lead,  63'5  oxide  of  iron,  11'5 
barytas,  and  5  sulphuret  of  lead  ;  also  17  silex.  This  shows  that 
the  last  particles  of  sulphur  will  adhere  to  lead,  when  all  other 
substances  are  oxidized.  A  reverberatory  slag  entirely  free  from 
sulphur,  contained  sulphate  of  barytas  51,  sulphate  of  lime  10*5, 
fluoric  acid  1'5,  protoxide  of  iron  3,  and  oxide  of  lead  34.  A 
slag  obtained  from  impure  galena,  that  is,  an  ore  from  which 
heavy  spar  could  not  be  separated,  was  composed  of  30  sulphate 
of  lead,  24  sulphate  of  barytas,  5*6  g}^psum,  8*5  fluoric  acid,  14*7 
carbonate  of  Ume,  2  sulphuret  of  lead,  5'6  protoxide  of  iron,  8 
oxide  of  zinc.  A  very  fluid  slag  which  flowed  oflf  with  the  metal, 
contained  sulphate  of  lead  9,  sulphate  of  barytas  30,  sulphate  of 
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lime  33,  fluoric  acid  13*6,  lime  8*8,  oxide  of  iron  2,  oxide  of  zinc 
2.  This  contains  the  least 'lead,  and  large  quantities  of  alkaline 
salts ;  all  the  alkaline  earths  are  combined  with  some  acid,  which 
renders  the  compound  fluid. 

The  last-mentioned  slag  is  produced  from  crude  galena  which 
has  been  merely  freed  by  hand  from  impurities,  and  for  these 
reasons  we  invite  attention  to  it  It  shows  a  very  rational 
operation,  and  one  most  suitable  for  our  country.  The  ore  is 
charged  in  the  furnace  in  the  common  manner,  and  reduced  so 
far  as  it  will  furnish  metal.  When  the  slag  becomes  too  stiflF  for 
yielding  metal,  some  finely-pulverized  fluate  of  lime  is  thrown  in 
and  mixed  with  the  mass.  This  renders  the  barytas  and  gypsum 
fusible,  and  the  reduction  of  galena  may  take  place.  So  long  as 
the  fluidity  of  the  slag  is  continued,  lead  is  formed.  To  render 
this  operation  profitable,  fluate  of  lime  should  be  used  in  a  con- 
siderable quantity;  but  as  this  cannot  be  obtained  always,  we 
propose  the  substitution  of  chlorine  for  fluorine,  which  possesses 
in  as  high  a  degree  as  the  latter  the  quality  of  fluxing  sulphates. 
In  this  instance,  gypsum  and  common  salt  may  be  pulverized  to- 
gether when  damp.  These  form  a  very  fluid  slag  with  barytas, 
lime,  iron,  and  other  metals. 

The  following  reverberatory  slag  shows  that  lead  can  be  re- 
moved almost  entirely  from  the  ore,  in  oxidizing  the  mixture 
completely.  A  slag  from  zinc  ore  contained  64*5  protoxide  of 
iron,  2*5  oxide  of  lead,  1  oxide  of  zinc,  2*5  alumina,  and  29*5 
silex.  The  iron  and  silex  here  form  the  slag.  It  must  be  ob- 
served that  in  precipitating  all  the  lead  from  a  slag  by  means  of 
iron,  the  metal  will  contain  much  iron  and  be  otherwise  impure. 
When  an  ore  contains  much  zinc  there  is  hardly  any  other  pro- 
fitable way  of  smelting  it  than  to  flux  by  means  of  iron,  either 
with  iron  ore  or  pyrites ;  all,  or  most  of  the  zinc,  remains  then 
in  the  slag. 

The  slags  of  blast  furnaces  diflfer  somewhat  from  those  of  the 
reverberatory,  in  containing  more  silex,  and,  in  most  cases,  less 
lead.  A  slag  which  was  formed  at  a  moderate  heat,  and  consid- 
ered as  exhausted  of  lead,  contained  34*4  oxide  of  iron,  6*6  oxide 
of  lead,  7  lime,  9  sulphuret  of  iron,  a  little  manganese  and  oxide 
of  zinc,  and  34'8  silex.  A  slag  from  an  argentiferous  galena  con- 
tained protoxide  of  iron,  45*4 ;  magnesia,  11-2;  sulphuret  of  iron, 
2;  alumina,  3*9;  and  silex,  36*3.  The  following  proportions 
show  that  a  large  quantity  of  lime  is  of  no  advantage :  protoxide 
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of  iron^  25;  lime,  24;  zinc,  106;  oxide  of  lead,  3;  almnizui^  7; 
silex,  28*5.  Tb^  following  is  a  profitable  slag:  pioUndde  of  iroiiy 
34'8;  oxide  of  zinc,  6'8;  oxide  of  copper,  24;  manganese,  7; 
lime,  6'6;  magnesia,  '6;  oxide  of  lead,  2;  solj^met  of  iron,  12; 
alumina,  8*4 

When  ores  are  exposed  to  a  low  heat,'  thej  harcDj  enter  into 
any  combination  with  silex,  and  of  these  the  oxides  onl j.  Sol- 
phnrets,  sulphates,  chlorides,  fluorides,  and,  in  fiu!t^  all  other  me- 
tallic compounds,  do  not  combine  with  silex;  it  is  onlj  after  aD 
other  matter  is  evaporated  that  the  oxides  unite  with  that  add. 
We  may  smelt  lead  to  perfection  without  fiorming  anj  silicate, 
but  this  requires  the  presence  of  a  large  quantity  of  chlorine,  flu- 
orine, or  some  other  permanent  acid.  In  roasting  the  ores  bef<ne 
smelting  we  are  deprived  of  the  advantages  resulting  from  the 
fusibility  of  the  sulphurets  and  acids,  and  are  oompeUed  to  form 
silicates,  because  those  substances  which  form  a  fluid  slag  in  the 
low  heat  of  a  reverberatory,  evaporate  in  the  heat  of  a  blast-fur- 
nace and  are  lost  When  it  is  in  our  power  to  form  a  fusible  slag 
either  by  means  of  fluates  or  chlorides  and  sulphates,  it  is  more 
profitable  to  smelt  in  a  reverberatory  than  in  a  blast-fnmace,  and 
precipitate  the  lead  to  within  a  few  per  cent  in  the  first  and  only 
operation.  In  this  instance  the  ore  needs  no  crushing  and  expen- 
sive washing,  a  removal  of  the  coarsest  pieces  of  quartz  and  of 
the  loam  is  the  only  labor  necessary  to  be  performed  on  it  The 
presence  of  quartz  will  not  influence  the  result,  because  when 
other  acids  are  present  it  does  not  enter  into  combination.  K  no 
materials  are  at  hand  to  form  a  fusible  slag,  either  by  natural  or 
artificial  means,  then  it  is  necessary  to  roast  the  ore  and  smelt  in 
the  blast-furnace.  In  this  instance,  the  ores  must  be  roasted,  be- 
cause the  sulphurets  are  very  volatile,  and  will  not  resist  the  heat 
of  that  furnace.  The  most  profitable  flux  is  the  protoxide  of  iron, 
lime  or  magnesia,  and  other  alkaline  earths,  do  not  form  suf- 
ficiently fluid  slags  to  be  used  profitably. 

When  circumstances  render  it  necessary  to  smelt  in  blast-fur» 
naces,  the  operation  ought  to  be  conducted  in  such  a  manner  as  to 
obtain  all  the  lead  at  one  smelting.  This  appears  sometimes  to  be 
difficult,  but  it  is  not  so  where  cheap  iron  ore  can  be  obtained  in 
sufficient  quantity.  When  a  slag  or  ore  is  to  be  exposed  to  smel^ 
ing  in  a  blast-furnace,  it  ought  to  be  thoroughly  oxidized ;  be- 
cause if  any  sulphur  is  left  in  it,  even  in  the  form  of  sulphate, 
lead  and  zinc  are  the  fiirst  to  evaporate.    lime  does  not  remove 
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sulphur,  but  combines  with  it,  like  all  other  alkalies.  Iron,  be- 
cause it  absorbs  sulphur,  and  as  easily  parts  with  it,  is  the  most 
suitable  substance  to  mix  with  the  sulphureous  ore  for  the  purpose 
of  oxidation ;  it  forms  a  fluid  slag  at  quite  a  low  heat  with  silex, 
and  is  thus  far  the  best  flux  in  the  blast-furnace.  Manganese 
serves  equally  as  well  as  iron,  and  may  be  substituted  for  it ;  but 
no  other  metallic  oxide  can  be  substituted  for  these  two. 

When  sulphurets  of  lead  are  roasted  in  the  air,  they  are  never 
entirely  liberated  from  sulphur ;  the  most  carefully  roasted  lead 
ore  contains  sulphur.  Galena  roasted  with  extreme  care,  in  a 
heap,  contained  oxide  of  lead,  18 ;  sulphate  of  lead,  86 ;  sulphuret 
of  lead,  10.  The  same  galena,  roasted  during  7  hours  in  a  rever- 
beratory,  formed  metallic  lead,  and  the  roasted  ore  powder  con- 
sisted of  oxide  of  lead,  80 ;  sulphuret  of  lead,  46 ,  metallic  lead, 
17 ;  iron  oxide  and  silex,  7.  When  other  metals  are  present  be- 
sides lead,  such  as  iron,  zinc,  and  others,  they  are  oxidized  before 
all  the  sulphur  is  removed.  A  persevering  roasting  of  10  or  12 
hours,  in  a  reverberatory  furnace,  will  remove  much  of  the  sul- 
phur, but  from  8  to  10  per  cent,  of  sulphate  of  lead  remains  in  all 
instances.  The  presence  of  a  large  quantity  of  silex,  say  25  per 
cent  of  the  ore,  is  the  best  means  for  the  removal  of  sulphur. 
From  such  ore  the  last  trace  of  sulphur  may  be  removed  in  the 
reverberatory,  or  in  roasting  it  in  the  open  air.  It  would  not 
make  any  diflference  by  what  means  sulphur  is  removed  in  roast- 
ing, and  silex  might  serve  quite  as  well  as  iron,  if  it  could  be  re- 
moved advantageously  before  bringing  the  ore  or  slag  into  the 
blast-furnace. 

In  practice  at  the  furnaces,  we  find  the  above  principles  operate 
imder  forms  modified  by  local  circiimstances.  The  smelters  at  a 
reverberatory  furnace  alternately  cool  and  heat  the  furnace,  in 
order  to  oxidize  and  reduce,  by  means  of  granulated  coal.  A 
fluid  slag  cannot  quickly  oxidize ;  it  is  like  melted  metal  in  this 
respect;  there  are  no  points  of  contact  for  the  oxygen.  The  dry- 
ing up  of  the  slags,  by  cold  or  drying  flux,  such  as  lime,  facili- 
tates the  oxidation  of  the  sulphuret.  The  best  plan  is  to  run  the 
metal  and  slags  out  continually,  the  first  into  a  heated  iron  pan, 
the  latter  over  damp  charcoal-dust.  This  mode  of  operation 
causes  oxidation  quicker  than  any  other.  When  the  slag  is  cooled, 
it  may  be  recharged  or  reserved  for  the  slag-furnace.  Slack  coal 
should  never  be  mixed  with  the  slag  for  reduction ;  a  granulated 
coc^l  assists  in  forming  large  globule  of  metal ;  it  affords  points  of 
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oxidation  for  the  slag,  and  does  not  stiffen  it  so  much  as  fine  ooaL 
When  litharge  is  reduced  in  a  reverberatory,  it  does  not  work  well 
if  both  coal  and  litharge  are  fine ;  this  is  not  from  want  of  affinity 
or  other  secret  causes.  The  powdered  mass  does  not  admit  of 
the  formation  of  a  large  globule  of  metal,  or  of  motion  in  the  fluid 
metal,  which  is  necessary  for  agglutination.  And  as  oxide  of 
lead,  particularly  when  mixed  with  a  refractory  substance,  docs 
not  melt  at  so  low  a  heat  as  metallic  lead,  the  whole  mass  must 
be  heated  imtil  the  mixture  of  oxide  and  coal  begins  to  become 
fluid,  and  admits  of  the  subsidence  of  the  metal.  Litharge  is 
easily  reduced  in  the  reverberatory.  A  charge,  consisting  of  one 
ton  of  litharge,  may  be  smelted  in  1^  or  2  hours,  when  in  a 
granulated  form,  but  when  finely  ground  litharge  or  fine  coal  is 
used,  twice  as  much  time  is  required.  When  the  heat  must  be 
urged  so  high  as  to  melt  the  litharge,  the  process  is  slow.  We 
find  the  principle  of  the  operation  here  to  be  different  from  that 
of  smelting  ore ;  if,  in  the  latter  case,  we  work  the  ore  dry,  as 
litharge,  we  produce  but  little  metal.  The  cause  of  this  is  plain: 
there  are  impurities  and  metal  in  close  contact  in  the  ore,  and  no 
large  globule  of  metal  can  be  formed,  because  the  foreign  matter 
interposes  between  the  particles  of  metal. 

The  conditions  under  which  successful  smelting  may  be  per- 
formed are  therefore  very  plain.  A  fluid  slag  is  in  all  cases  re- 
quired where  impure  ore  is  to  be  smelted ;  pure  ore,  or  litharge, 
may  be  worked  more  dry  than  impure  ore.  Fusible  slag  may  be 
produced  by  a  variety  of  means,  of  which  heat  is  the  most  avail- 
able, but  not  the  most  profitable.  High  heat  causes  a  loss  of 
metal  by  evaporation ;  it  brings  foreign  metals  into  the  lead,  which 
are  injurious  to  its  quality.  Lead,  and  in  fact  all  other  metals, 
ought  to  be  smelted  at  the  lowest  heat  by  which  they  can  be 
melted.  A  low  heat  or  quick  work,  will  produce  the  best  metal, 
in  all  instances,  and  as  that  kind  of  work  demands  less  fuel  and 
labor,  too  much  attention  cimnot  be  bestowed  on  this  subject 
Fusible  slag  sliould  be  formed  by  means  of  fluxes,  not  by  heat, 
which  will,  in  most  instances,  remove  those  ingredients  which 
cause  fluidity.  Protoxide  of  iron,  which  is  most  successfully 
ibrmed  of  powdered  hematite  ore  and  carbon,  forms  readily  a 
fusible  slag,  in  the  presence  of  chlorine,  fluorine,  sulphuric,  phos- 
phoric or  any  other  acid ;  but  these  acids  are  soon  evaporated  by 
a  strong  heat. 

Smelters  dislike  the  use  of  much  iron  in  a  reverberatory,  as 
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well  as  in  the  blast-furnace,  because  in  ita  most  fluid  conditioQ  it 
acts  upon  the  stones,  bricks,  and  slags,  of  wluch  the  bearth  is 
formed,  and  causes  tbeir  premature  destruction.  When  the  work 
is  done  on  a  fine  charcoal  or  coke  hearth,  in  the  presence  of  much 
iron,  it  is  reduced  with  the  lead,  and  impairs  its  quality.  We 
recommend  for  these  reasons,  for  smelting  lead,  the  application 
of  cooled  boshes,  and  cold  cast-iron  bottoms,  such  as  are  used  in 
puddling  furnaces,  fig.  S48.    In  the  slag  hearth  and  blast-foroace. 


iron  plates  are  generally  used  below  the  tuyere,  and  are  lined 
with  clay  or  coal-dust,  but  both  these  materials  for  linings  are  in- 
jurious as  well  to  the  quality  of  the  metal  as  to  the  yield.  There 
cannot  be  any  disadvantage  in  surrounding  a  slag  hearth  with 
cooled  iron  plates,  similar  to  a  run-out  fire  for  refining  iron.  A 
little  more  fuel  may  be  used  in  smelting,  but  a  more  fluid  cinder 
can  then  be  employed  than  in  any  furnace,  which  of  course  tends 
to  economize  fuel,  and  causes  a  purer  article  of  metal.  Furnaces 
of  this  kind  were  used  in  the  State  of  New-York,  and  worked 
successfully.     The  hearth  plates  were  cooled  by  the  blast. 

Lead  Smoke. — At  the  smelting  furnaces,  particularly  at  those 
where  the  operation  is  performed  at  a  high  heat,  a  white  smoke 
is  thrown  out  at  the  tymp,  or  at  the  top  of  the  furnace.  This 
may  be  gathered  in  condensing  chambers,  as  shown  in  fig.  349. 
Similar  chambers  may  be  annexed  to  reverberatories,  as  will  be 
shown  hereafter.  This  white  smoke  contains  those  metals  which 
are  in  the  ore.  A  reddish  dust  from  a  reverberatory  contained, 
11  oxide  of  lead,  60  sulphate  of  lead,  2  arsenious  acid,  15  oxide 
of  zinc,  12  oxide  of  iron.  AVhen  there  is  much  zinc  in  the  ore, 
and  it  of  course  evaporates,  a  large  quantity  of  silver  is  carried 
away  by  it.    Iron  and  coal  are  generally  the  coloring  matters  in 
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tlie  body  of  these  deposits.    It  is  a]wa;B  found  to  be  chiefly 
oxide  and  sulphate  of  lead. 


Sheet  Lead. — As  this  metal  is  extremely  pliable  and  fusible,  it 
may  be  converted  into  a  variety  of  forma  with  great  facility. 
Sheets  of  ^'j  of  an  inch  thick,  may  be  cast  of  a  considerable  size. 
The  operation  is  performed  on  a  table  covered  with  sand  or  cloth ; 
this  was  formerly  the  only  mode  of  forming  them.  At  present, 
sheets  of  any  size,  8  or  10  feet  wide,  and  of  considerable  length, 


are  rolled  between  rollers,  of  a  similar  construction  as  shown  in 
fig.  850.     In  order  to  prevent  their  wrinkling,  to  which  they  are 
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subject,  in  consequence  of  softness  of  the  metal,  the  roller?  are 
provided  on  each  side  with  a  long  apron,  upon  which  the  sheet 
may  move ;  and  in  order  to  diminish  the  friction  between  the 
sheet  and  the  apron,  it  is  made  of  a  succession  of  wooden  rollers, 
parallel  with  the  main  rollers.  The  lead  for  sheets  is  cast  in  a 
stone  mould,  about  2  or  3  feet  square.  Pipes  are  formed  by  cast- 
ing a  heavy  pipe,  about  8  feet  long,  and  from  |  to  1  inch  in  thick- 
ness over  a  mandril,  and  by  drawing  this  cast  pipe  through  a  suc- 
cession of  decreasing  apertures  in  a  drawing  bench,  a  pipe  of  a 
certain  thickness  and  a  bore  of  the  size  of  the  mandril  is  formed. 
In  this  manner  a  pipe  of  only  a  limited  length  can  be  drawn  out 
A  more  convenient  and  cheaper  process  for  forming  lead  pipe, 
is  performed  in  drawing  the  pipe  directly  from  melted  lead.  When 
a  cast-iron  cylinder,  smoothly  bored,  is  provided  with  a  piston, 
which  is  movable,  yet  fits  closely,  and  one  end  of  the  cylinder 
IB  closed  with  a  bottom  having  a  round  hole,  any  plastic  matter 
forced  through  the  hole  will  assume  its  form.  K  there  is  in  the 
aperture  of  the  bottom  a  solid  centre  so  inserted  as  to  form  an 
opening  of  the  form  of  a  ring,  any  matter  which  may  be  pressed 
through  the  opening  will  form  a  pipe.    Fig.  351  shows  the  prin- 
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ciple  of  this  machine.  When  the  cast-iron  cylinder  is  gently 
heated,  so  as  merely  to  melt  the  lead  in  the  space  A,  and  a  pres- 
sure is  applied  at  the  piston-rod  B,  the  fluid  metal  will  be  forced 
out  at  C,  and  form  a  pipe.  That  part  in  which  the  pipe  is  formed 
is  cooled  artificially.  Pipes  may  be  formed  of  considerable  length 
in  this  machine.  It  depends  on  the  capacity  of  the  melting  ap- 
paratus. The  pipes  thus  formed  are  very  smooth,  and  uniform 
in  thickness.  A  similar  apparatus  has  been  proposed  and  patented 
for  making  sheet  lead.  When  the  cylinder  is  2  feet  or  more  in 
diameter,  and  the  core  which  forms  the  bore  of  the  pipe  is  nearly 
as  wide  as  the  cylinder  itself,  so  that  a  space  of  the  thickness  of 
the  sheet  is  formed  between  it  and  the  cylinder,  any  fluid  lead 
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•which  is  pressed  through  will  form  a  wide  pipe ;  which  subse- 
quently is  slit  open  and  becomes  a  sheet 


•  •  • 


CHAPTER   VII. 

Copper, — ^Pure  copper  is  of  a  light  reddish-brown  color  and  of  a 
high  lustre.  It  is  one  of  the  most  ductile  and  malleable  metals. 
Sheets  and  wires  may  be  formed  of  it  with  the  greatest  facility. 
Its  fracture  is  similar  to  that  of  tin,  or  wrought-iron.  After  ham- 
mering, its  appearance  is  silky  and  its  lustre  seems  increased. 
Its  specific  gravity  when  cast  is  8*91,  in  wire  8*93  to  8*94,  in 
sheets  8'95.  Copper  fuses  at  1996^,  and  absorbs  oxygen  from 
the  air  when  that  is  accessible,  so  as  to  reduce  its  specific  gravity 
to  8*7  or  8*8.  It  may  be  welded  when  pure.  Heated  to  fusion 
it  absorbs  oxygen  and  oxidizes  the  surface,  and  becomes  covered 
with  a  black  crust ;  by  a  strong  heat  in  the  muffle  it  may  be  con- 
verted into  suboxide  altgether.  Heated  to  a  high  white  heat,  it 
burns  with  a  light-green  flame.  In  dry  air,  copper  is  unchange- 
able ;  in  moist  air  and  in  that  containing  carbonic  acid,  sulphu- 
retted hydrogen,  or  other  acids,  it  becomes  dark-green  and 
assumes  a  bronze  color. 

Ore.^. — Copper  ores  form  an  extensive  class  of  minerals,  which 
it  is  difTieult  to  distinguish  by  mere  ocular  inspection.  However, 
at  all  copper  veins,  oxides  more  or  less  green  arc  found  on  the 
surface,  which,  in  connection  with  other  marks,  form  a  sure  indi- 
cation of  the  presence  of  copper  ore. 

Native  Copper. — This  occurs  in  crystals  disseminated  through 
rocks,  usually  massive,  in  the  form  of  scales;  and  compact  masses 
ramifying  the  rock  in  all  directions.  It  is  found  in  beds,  veins^ 
and  detached  masses  and  grains,  in  solid  rock  and  imbedded  in 
loose  soil.  Most  of  the  copper  ore  veins  contain  metallic  copper. 
Native  copper  is  distributed  over  the  whole  surface  of  the  globe, 
but  nowhere  is  it  found  more  generally  and  in  larger  masses 
than  in  the  United  States.  It  occurs  in  New  England,  New 
Jersey,  Pennsylvania,  Virginia,  and  North  Carolina ;  and  in  the 
greatest  abundance  at  Lake  Superior,  near  Kewenaw  Point ;  at 
the  Ontanawgaw  Eiver,  and  other  localities  of  that  region. 
Masses  of  native  copper,  of  80  tons  weight,  have  been  excavated 
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in  the  Cliflf  Mine  at  Lake  Superior.  The  copper  occurs  here  in 
trap  or  sandstone  rock,  or  near  their  junction,  in  the  form  of 
injected  veins.  The  origin  of  the  metal  appears  to  be  from 
veins,  whose  ores  have  been  reduced  by  the  heat  of  the  volcanic 
rocks. 

The  usual  copper  ores  are  sulphurets  and  oxides ;  the  former 
are  more  abundant  than  the  latter.  Copper  is  also  found  com- 
bined with  arsenic,  selenium,  antimony,  iron,  silver,  and  acids. 

Sulphuret  of  Copper. — This  occurs  in  various  forms.  Copper 
glance  is  one  of  the  varieties  frequently  met  with  in  copper  ore 
veins.  Its  specific  gravity  is  5*6,  lustre  metallic,  color  and  pow- 
der black  or  lead-gray,  fracture  conchoidal.  It  occurs  frequently 
massive,  but  also  granular  and  in  fine  powder.  This  ore  is  found 
in  Connecticut,  New- York,  Virginia,  Maryland,  and  other  States 
of  the  Union,  and  is  profitably  mined  in  many  localities.  When 
pure  it  consists  of  77*7  copper,  "91  iron,  20  sulphur,  and  some 
silica. 

Copper  Pyrites^  or  Yellow  Copper  Ore,  is  the  most  common 
sulphuret  used  in  the  smelt- works.  It  is  rather  light ;  its  sp.  gr. 
4*1  to  4*3,  color  brass-yellow  ;  it  is  subject  to  tarnish  in  the  air, 
and  is  then  iridescent.  It  forms  a  greenish-black  powder,  of  sharp 
edges.  It  always  contains  much  iron,  and  is  on  that  account 
highly  esteemed  in  the  smelt-works.  Its  composition  in  crystals 
is  34'40  copper,  30*47  iron,  35*87  sulphur,  and  sometimes  a  little 
quartz.  It  is  often  largely  mixed  with  iron  pyrites — in  fact,  so 
far  that  the  latter  fills  tlie  vein — and  there  are  either  only  traces, 
or  but  a  small  per  centage  of  copper  ore  in  the  mixture.  Copper 
pyrites  is  the  principal  ore  of  the  English  smelt- works,  as  well  as 
those  of  this  country,  along  the  Atlantic  coast.  The  bulk  of  cop- 
per is  manufactured  of  this  ore.  In  the  United  States  it  occurs 
at  Southampton  Lead  Mines,  and  other  places  in  Massachusetts ; 
in  Vermont,  New  Hampshire,  Maine,  New- York,  New  Jersey, 
Pennsylvania,  Maryland,  Virginia,  and  the  gold  region  generally ; 
it  also  occurs  in  Wisconsin,  Missouri,  and  Iowa — in  fact,  almost 
every  State  of  the  Union  contains  this  copper  ore.  Although 
copper  pyrites  is  found  in  great  profusion,  the  ore  is  always  poor; 
it  docs  not  often  yield  more  than  12  per  cent,  and  frequently  the 
body  of  a  vein  does  not  often  contain  more  than  2  per  cent,  of 
copper.  When  it  can  be  brought  at  reasonable  prices  to  the 
smelt-works  it  is  valuable,  for  it  is  much  liked  in  the  furnaces. 
It  yields  its  copper  with  great  facility,  requiring  but  little  labor 
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and  the  use  of  little  ftiel.  The  contents  of  copper  in  an  ore  of 
this  kind,  may  be  estimated  by  an  experienced  person  on  mere 
inspection.  A  bright  yellow  color  and  softness,  indicate  a  rich 
ore ;  a  dull  yellow,  or  pale  yellow  and  great  hardness,  are  indica- 
tive of  a  poor  ore.  Copper  pyrites  is  readily  distinguished  firom 
iron  pyrites  by  its  inferior  hardness — ^it  may  be  cut  by  a  steel 
point  or  a  knife ;  this  is  not  the  case  with  iron  pyrites,  which  will 
strike  fire  with  steel,  but  not  so  that  of  copper.  Spangles  of  this 
ore,  which  firequently  occur  in  the  gold  ores  of  the  Southern 
States,  are  distinguished  fix>m  those  of  gold  by  their  britdeness. 

Chray  Copper. — This  is  a  variety  of  sulphuret  of  copper,  which, 
on  account  of  its  interesting  composition  and  its  good  behavior  in 
the  furnace,  is  much  liked  by  the  smelter.  It  occurs  massive, 
granular,  in  a  fine  powder,  and  also  crystallized ;  it  is  of  a  steel- 
gray,  often  iron-black  color ;  its  sp.  gr.  is  6*1,  and  it  is  rather  soft 
and  brittle.  Ore  of  this  description  occurs  in  New  Jersey  and 
Pennsylvania;  and  a  vein,  18  inches  in  thickness,  is  stated  to 
have  been  opened  at  Lake  Superior.  The  composition  of  this 
ore  varies  greatly,  but  on  an  average  it  contains  Irom  25  to  40 
per  cent,  of  copper,  firom  20  to  30  of  sulphur,  and  nearly  as  much 
antimony.  This  forms  the  bulk  of  the  ore ;  but  it  contains  be- 
sides, arsenic,  zinc,  silver,  quicksilver,  lead,  platinum,  and  other 
metals. 

Oxide  of  Copper. — Eed  oxide  of  copper  is  hardly  used  a^  an 
ore.  It  occurs  as  an  accidental  admixture  with  other  ores — par- 
ticularly with  native  copper.  It  is  of  a  cochineal-red  color,  occa- 
sionally crimson  red,  or  various  shades  of  red.  It  occurs  in  the 
form  of  a  powder,  granular,  massive,  and  crystallized.  Other 
varieties  of  oxide  of  copper,  such  as  the  black  oxide,  are  of  no 
practical  interest. 

Silicate  of  Copper. — This  occurs  chiefly  as  an  accidental  admix- 
ture of  other  ores,  and  is  a  constant  companion  of  them.  It  is 
green,  varying  from  the  emerald-green  of  the  dioptase  to  the  sky- 
blue  of  the  chrysocolla ;  when  impure,  it  is  brownish  or  of  an 
earthy  color.  It  is  most  fi-equently  translucent,  not  often  opaque. 
Its  sp.  gr.  is  2  to  2*2.  A  specimen  from  New  Jersey  contained 
42-6  oxide  of  copper,  40  silica,  16  water,  and  a  httle  iron.  The 
ore  contains  frequently  carbonic  acid. 

Carbonate  of  Copper. — Malachite,  green  carbonate  of  copper. 
This  is  similar  to  the  above.  It  is  an  ore  which  accompanies 
other  copper  ore.     As  an  ore  of  copper  it  is  of  little  consequence^ 
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however  rich  it  may  be,  because  not  much  of  it  is  known  to 
exist  Its  composition  is  71*82  protoxide  of  copper  and  20  car- 
bonic acid,  18*18  water. 

Besides  these  ores  of  copper,  there  are  sulphates,  phosphates, 
arseniates,  chlorides,  and  others,  all  of  which  are  of  little  practi- 
cal interest ;  they  are  companions  of  other  copper  ores,  and  occur 
only  in  small  quantities. 

AUoys  of  Copper, — Of  all  other  alloys,  those  of  copper  are  of 
most  interest.  Copper  alloyed  with  arsenic  is  extremely  white, 
similar  to  silver ;  but  it  is  brittle  and  hard.  With  zinc  it  forms 
brass ;  and  the  amount  of  the  respective  metals  determines  the 
variety  of  this  alloy.  Pure  copper  does  not  form  close  and  com- 
pact castings.  Instead  of  pure  copper,  about  99  of  copper  and 
one  zinc  are  considered  pure  cast-copper.  Zinc  is  introduced  by 
adding  about  2  oimces  of  brass,  poor  in  copper,  to  every  pound 
of  copper.  This  quantity  may  be  varied  from  \  an  ounce  of 
brass  to  3  ounces  for  every  pound  of  copper.  Gilding  metal 
consists  of  1  to  1 J  ounces  of  zinc  to  1  pound  of  copper ;  it  is  of  a 
bronze  color.  Red  sheet  is  3  ounces  of  zinc  to  a  pound  of  cop- 
per. Manheim  gold,  pinchbeck,  3  to  4  ounces  of  zinc  to  a  pound 
of  copper.  Ordinary  brass  of  a  red  color,  for  being  soldered,  con- 
tains 6  ounces  of  zinc  to  a  pound  of  copper ;  8  zinc,  16  copper  is 
a  fine  brass.  Any  proportion  between  50  zinc,  60  copper,  and 
87  zinc,  63  copper,  w^ill  laminate  well  and  make  good  sheets. 
Common  brass  is  50  copper,  50  zinc.  Solder  may  be  made  by 
melting  brass,  and  casting  it  through  a  broom  or  fagot  of  brushes, 
into  a  tub  of  water.  Or,  the  whole  metal  may  be  cast  into  iron 
moulds  in  the  form  of  small  cubes,  of  about  one  or  two  pounds 
each.  When  these  are  gently  heated,  nearly  to  melting,  they 
may  be  broken  up  into  small  fragments  by  a  smart  blow  of  a 
hammer  after  placing  the  hot  metal  on  an  anvil  or  a  thick  cast- 
iron  plate.  It  is  stated  that  50  copper  to  52  or  58  zinc  forms  a 
dark-colored  metal,  which  on  dipping  forms  a  gold-colored  metal 
— Mosaic  gold.  Zinc  32  to  16  copper  is  a  bluish-white,  brittle 
metal,  which  may  be  pounded  in  a  mortar.  Zinc  8  and  1  copper, 
forms  a  white  metal  little  differing  from  zinc  except  in  tenacity ; 
this  alloy  is  stronger  than  pure  zinc. 

Copper  and  zinc  appear  to  mix  in  all  proportions,  and  the  ex- 
tremes of  both  assume  the  characters  of  the  principal  metals.  The 
red  color  of  copper  is  blended  by  the  white  of  zinc  to  all  shades 
from  red  to  white.    In  forming  brass  by  melting  the  two  metals 
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together,  a  heavy  loss  of  zinc,  which  varies  from  j\  to  |,  is  always 
experienced.  The  best  plan  of  smelting  brass  may  be  to  melt 
the  copper  in  a  blacklead  pot  first,  dry  and  heat  the  zinc  near  to  the 
melting-point,  and  drop  it  gradually,  in  small  pieces,  into  the  cop- 
per, when  the  latter  is  not  hotter  than  barely  to  continue  fluid. 
The  loss  of  zinc  is  then  a  pennanent  amount  for  each  melting  and 
re-melting,  provided  heat  and  time  are  equal.  When  the  sur&ce 
of  the  hot  metal  is  covered  by  fine  charcoal,  which  is  prevented 
by  renewal  from  burning,  the  smallest  loss  of  zinc  is  sustained. 
Tombac  consists  of  85  copper,  15  zinc ;  prince's  metal  75  copper, 
26  zinc ;  fine  brass  for  turning,  66  copper,  82  zinc,  and  2  lead. 

Copper  and  tin  form  another  most  interesting  series  of  alloys: 
20  copper  and  1  tin  is  a  flexible,  tenacious  alloy,  good  for  nails 
and  bolts ;  9  copper^  1  tin,  was  ancient  bronze — 7  to  1  is  hard 
bronze ;  the  addition  of  a  little  zinc  improves  this  article.  Soft 
bronze,  which  bears  drifting,  rolUng,  and  drawing,  is  generally 
composed  of  16  copper  to  1  tin ;  12  copper  to  1  tin  is  metal  for 
mathematical  instruments ;  8  to  1,  bearings  for  machinery ;  9  to 
1,  a  very  strong  metal ;  it  may  be  considered  the  most  tenacious 
of  this  series.  Copper  5  to  1  tin,  is  very  hard,  crystallized,  good 
for  hard  bearings  in  machinery.  A  soft  metal  for  bells  is  formed 
of  3  tin,  16  copper ;  7  tin,  32  copper,  is  for  Chinese  gongs  and 
cymbals ;  1  tin,  4  copper,  is  for  house  bells ;  9  to  32,  large  bells. 
Speculum  metal  ranges  from  1  tin  and  2  copper  to  equal  parts  of 
both  metals.  Ordinary  bronze  is  78  copper,  17  zinc,  2*5  tin,  2*5 
lead.  Large  bells  are  cast  of  80  copper,  6  zinc,  10  tin,  4  lead.  A 
very  fine  large  bell  consisted  of  71  copper,  26  tin,  2  zinc,  1  iron. 
A  good  average  bell  composition  is  75  copper,  25  tin :  90*5  cop- 
per, 6*5  tin,  3  zinc,  is  an  imitation  of  gold ;  91*4  copper,  5*5  zinc, 
1*4  lead,  1*7  tin,  composes  bronze  for  large  statues.  Copper  80, 
tin  20,  is  common  statue  bronze ;  92  copper,  8  tin,  is  bronze  for 
medals ;  85  copper,  14  tin,  1  iron,  is  the  composition  of  ancient 
weapons.  Copper  62,  iron  6,  tin  32,  is  the  composition  of  ancient 
mirrors. 

The  melting  together  of  tin  and  copper  is  less  difficult  than 
that  of  zinc  and  copper,  because  tin  is  not  so  liable  to  evaporate 
as  zinc,  and  little  metal  is  lost.  The  appearance  of  the  alloy  may 
be  improved  by  covering  the  melted  metal  with  about  one  per 
cent,  of  dried  potash ;  or,  which  is  better  still,  a  mixture  of  pot- 
ash and  soda.  This  flux  has  a  remarkable  influence  on  the  color, 
and  particularly  on  the  tenacity  of  the  alloy.    The  former  be- 
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comes  more  red,  and  the  latter  stronger.  The  scum  forming  on 
the  surface  by  this  addition  ought  to  be  removed  before  the  metal 
is  cast  Tin  and  copper  are  liable  to  separation  in  cooling ;  this 
can  be  prevented,  at  least  partly,  by  turning  the  mould  contain- 
ing the  fluid  metal,  and  keeping  it  in  motion  until  it  is  chilled. 

The  ancients  manufactured  their  tools  of  copper,  and  hardened 
them  as  we  harden  iron.  This  art  appears  to  have  been  imder- 
stood  over  the  whole  world,  for  the  Asiatic  nations,  Africans,  and 
Europeans,  as  well  as  the  American  Indians,  knew  how  to  render 
copper  hard.  The  copper  of  these  ancient  people  was  always 
impure,  very  likely  in  consequence  of  the  composition  of  their 
ores.  Their  bronze-metal  contains  always  more  or  less  tin,  lead, 
zinc,  arsenic,  silver,  and  gold.  The  hardening  extended  fre- 
quently through  the  body  of  the  metal,  but  generally  it  was  con- 
fined to  the  surface. 

A  remarkable  difference  is  perceptible  between  the  alloys  of 
copper  and  those  of  iron  in  respect  to  hardening.  Iron  alloys, 
and  most  others,  become  hard  on  being  heated  and  suddenly 
cooled,  while  copper  alloys  become  softer  by  such  an  operation. 
Compression  has  a  similar  effect  on  these  alloys,  as  on  all  other 
metals — ^it  renders  them  hard. 

Copper  and  lead  unite  only  to  a  certain  extent :  3  lead  and  8 
copper  is  ordinary  pot  metal.  All  the  lead  may  be  retained  in 
this  alloy,  provided  the  object  to  be  cast  is  not  too  thick.  When 
the  cast  is  heavy,  or  much  lead  is  used,  it  is  pressed  out  by  the 
copper  in  cooling.  One  lead,  two  copper,  separates  lead  in  cool- 
ing— it  oozes  out  from  the  pores  of  the  metal :  8  copper  and  1 
lead  is  ductile,  more  lead  renders  copper  brittle.  Between  8  to  1 
and  2  to  1  is  the  limit  of  copper  and  lead  alloys.  All  of  these 
alloys  are  brittle  when  hot  or  merely  warm. 

Alloys  of  copper  are  subject  to  the  same  laws  as  others ;  and 
as  they  are  generally  more  tenacious,  more  use  is  made  of  them. 
Phosphorus  renders  copper  very  hard,  brittle,  fusible,  and  oxidiz- 
able.  Clean  copper,  held  in  the  vapors  of  phosphorus,  is  suc- 
cessfully hardened.  A  very  little  of  this  substance  melted  toge- 
ther with  copper,  causes  it  to  be  very  hard,  similar  to  steel.  Carbon 
combines  with  copper  and  causes  it  to  be  brittle.  Silicon  also  com- 
bines with  it,  hardens  it,  and,  if  present  in  a  small  quantity  only, 
does  not  impair  its  malleability.  Arsenic  has  only  a  faint  affinity 
for  copper ;  still  the  last  traces  of  it  cannot  be  driven  off  by  mere 
heat ;  the  combination  is  brittle.     Equal  parts  of  copper  and  sil- 
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ver,  and  2  per  cent  of  arsenic,  form  an  alloy  similar  to  silver,  a 
little  harder,  however,  but  of  almost  equal  tenacity  and  malleabi- 
lity. Antimony  imparts  a  peculiar  beautiful  red  color  to  copper, 
varyiCg  from  rose-red  in  a  little  copper  and  much  antimony,  to 
crimson  or  violet  when  equal  parts  of  both  metals  are  melted 
together. 

Uses. — ^The  application  of  copper,  either  in  its  pure  condition 
or  as  an  alloy,  is  so  imiversal  that  but  little  can  be  said  on  this  sub- 
ject. It  is  used  for  sheathing  and  bolts  for  ships,  for  boilers  in 
&ctories,  distilleries,  dyeing  establishments,  steam-boilers,  &a 
Rollers,  shaft-bearings,  engraver's  plates,  and  kitchen  utensils,  are 
manufiictured  of  pure  copper  or  its  alloys.  For  cylinders,  water- 
pumps,  coins,  wire,  and  a  multitude  of  purposes  it  is  also  used. 
Its  oxides  form  fine  colors,  but  are  deadly  poisons. 

The  quantity  of  copper  manufactured  in  the  world  may  be 
from  25,000  to  30,000  tons  annually.  Of  this  amount  the  United 
States  furnishes  about  4,000  tons,  and  England  16,000  tons.  The 
remainder  is  smelted  in  Russia — which  ftimishes  generally  very 
pure  metal — Sweden,  Germany,  South  America,  and  other  coun- 
tries. 

Manufacture  of  Copper. — Smelting  of  copper  is  an  extremely 
simple  process,  because  it  is  as  permanent  as  iron,  and  little  af- 
fected by  heat  and  oxygen.  Most  of  the  American  copper  is 
smelted  from  the  native  copper  of  Lake  Superior.  The  metal 
which  occurs  mixed  with  gangue,  consisting  chiefly  of  silicious 
rock,  is  cut  into  small  lumps  that  may  enter  the  furnace ;  these 
are  in  some  instances  of  a  ton  weight  and  more.  Or,  if  the  metal 
is  disseminated  through  the  mass  of  the  rock,  either  in  grains  or 
in  small  veins,  it  is  pounded  and  washed  in  a  stamping-mill,  and 
the  contents  so  far  concentrated  that  the  sand  contains  from  70  to 
75  per  cent,  of  copper.  This  is  called  stamp-work,  and  sent  in 
barrels  from  the  mines  to  the  smelt- works.  Copper  from  this  kind 
of  native  metal  is  smelted  in  Roxbury,  Mass.,  Pittsburg,  Chicago, 
and  other  places,  chiefly  in  reverberatory  furnaces.  There  are 
also  a  nimiber  of  small  blast-furnaces  in  the  western  States,  where 
copper  is  smelted.  For  smelting  it  thus,  from  stamp-works  or 
lumps,  any  reverberatory  furnace  may  be  used,  either  of  those  in 
which  copper  is  refined  or  smelted,  or  a  roasting  ftimace  may  be 
easily  converted  into  a  smelting  furnace.  The  operation  is  sim- 
ple, and  will  be  described  under  refining  of  copper. 

Smelting  in  Reverberatory  Furnaces. — There  are  two  distinct 
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methods  of  smelting  copper  ores;  the  one  is  in  reverberatoriea, 
and  the  other  in  blast  furnaces.  As  the  operations  are  similarly 
conducted  in  the  various  countries  where  they  are  practised,  and 
as  the  smelting  of  copper  ores  in  reverberatories  is  done  with  skill 
and  much  experience  at  Swansea,  Wales,  we  will  first  describe 
the  operation  as  it  is  there  performed. 

In  all  instances  the  copper  ores  are  sorted  at  the  mine,  the 
lumps  broken,  and  large  pieces  of  locky  matter  thrown  away. 
The  ore  is  then  classified  in  various  qualities,  of  which  the  impure 
■  ore  is  sent  to  the  stamps  to  be  crushed  and  washed.  Clay  ores 
are  broken  into  small  pieces  and  washed  by  hand.  All  the  rich 
ore,  or  that  ready  for  smelting,  is  broken  with  the  beater  to  lumps 
of  the  size  of  nuts,  and  freed  from  light  impurities  by  riddling. 

The  small  and  impure  ore  is  washed  with  a  sieve  in  water, 
which  carries  away  the  stony  parts  and  leaves  the  metalliferous 
ore  in  the  tub.    Those  parts  of  the  ore 
which  are  very  impure,  but  will  pay  ^_  -^ 

for  crushing  and  washing  them,  are 
sent  to  the  stamping-mill. 

The  stamping-mill  is  the  same  as  that 
formerly  described,  and  is  represent-  I 
ed  in  fig.  352.  The  ore  ia  here  con- 
verted into  powder,  more  or  less  fine, 
and  separated  from  gangue  in  the  la- 
byrinth or  slime-troughs ;  or,  the  ore 
is  washed  on  the  sweep-table,  shown 
in  fig.  358.  In  fact  the  purifying  of 
copper  ore  does  not  essentially  difler 
from  that  of  other  ores.  But  as  the 
specific  gravity  of  copper  ore  is  small, 
much  care  should  be  taken  not  to 
crush  it  very  fine  in  the  stamps. 

The  furnaces  used  in  this  operation  are  five  in  number ;  they 
are  all  of  similar  construction,  and  so  far  all  the  various  operations 
may  be  performed  in  the  same  furnace,  at  different  times.  Still  it 
is  found  to  be  profitable  to  divide  the  operation,  and  perform  it 
in  different  machines.  In  fig,  354,  A,  is  shown  a  plane,  and  in  B 
a  vertical  section  of  a  reverberatory  calcining  furnace.  This  fur- 
nace is  not  essentially  different  from  those  shown  in  previous 
engravings.  The  vault  C  is  an  addition ;  into  this  the  ore  is  dis- 
charged when  calcined.  The  furnace  is  constructed  partly  of  fire 
and  partly  of  common  bricks,  and  strongly  bound.    The  hearth 
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D  is  torn  18  to  19  feet  long,  and  14  to  16  feet  in  width.     The 
fite-grate  is  5  bj  8  feet     The  fire-bridge  is  hollow,  and  through 


it  fresh  air  is  conducted  to  the  ore  under  treatment     Two  hop- 
pers serve  for  letting  in  the  ore.     The  chimney  is  low. 


The  first  process  is  the  calcining  of  ore.  Three  and  a  half 
tons  of  clean  ore  arc  charged  into  the  furnace  at  a  time,  which 
is,  with  occasional  stirring  at  intervals  of  2  hours,  ready  to  be 
withdrawn  after  a  heat  of  12  or  15  hours,  and  let  into  the  cab — 
vault — beneath.     Ilere  it  remains  as  long  as  possible  in  a  close 
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heap,  at  least  so  long  as  the  vault  is  not  needed  for  the  next 
charge.  When  the  ore  is  withdrawn  it  is  spread  evenly  on  a 
floor  and  damped.  In  this  operation  it  loses  much  of  its  sulphur, 
and  after  being  cold  and  wetted  is  ready  for  the  next  operation. 

The  second  process  is  the  smelting  of  the  ore.  The  furnace 
for  this  purpose  is  much  smaller,  only  11  feet  long,  and  7  or  8 
feet  in  width.  The  grate  is  as  large  as  the  one  in  the  calcining 
furnace,  because  a  higher  heat  is  here  required.  The  furnace  has 
only  one  work-door  at  the  flue,  and  in  one  side  a  similar  aperture 
for  cleaning  the  hearth.  The  hearth  is  formed  of  coarse  sand, 
and  slopes  slightly  towards  the  door  in  the  side.  Below  this  door 
there  is  an  iron  grating  which  covers  a  vault  of  water,  into  which 
the  metal  is  discharged  and  granulated.  A  hopper  is  placed  in 
the  top  of  the  furnace  for  letting  in  the  charge! 

A  charge  in  one  of  these  furnaces  consists  of  21  to  24  cwt.  of 
roasted  ore,  which  takes  4  Lours  for  smelting,  adding  slags  from 
refining,  and  also  fluxes,  if  such  are  necessary.     Two  cwt  of  slags 
are  generally  charged  with  the  ore,  besides  lime,  fluor-spar,  or 
other  fluxes,  according  to  the  quality  of  the  ore.     The  time  of 
smelting  these  charges  is  4  hours,  after  which  the  slag  at  the  top 
of  the  metal  is  skimmed  off'  by  means  of  a  rabble,  and  drawn  out 
at  the  work-door  into  a  bed  of  sand.     The  metal  is  not  drawn  at 
every  heat,  but  only  once  or  twice  each  24  hours.     A  second 
charge  of  ore  is  therefore  thrown  into  the  furnace,  aft<er  the  poor 
slags  are  removed ;  the  furnace  is  then  shut  once  more  and  that 
charge  melted.     When  the  metal,  which  is  matt,  an  alloy  of  all 
the  metals  in  the  ore,  and  sulphur,  rises  as  high  as  the  bridge  at 
the  work-door,  the  tap-hole  below  is  opened  and  the  matt  either 
run  into  the  basin  of  water  below  the  furnace  for  granulation,  or 
into  a  bed  of  damp  sand.     The  metallic  grains  which  are  thus 
formed  oxidize  rapidly,  particularly  on  their  surfaces.     The  color 
of  this  crude  metal  is  a  steel-gray,  its  fracture  compact,  and  it  is 
of  much  lustre.     The  scoria  rejected  after  this  process  contains 
always  some  metal ;  copper  and  tin  are  found  to  be  present  in 
1  or  2  per  cent,  in  this  siUcious  slag.     The  matt  produced,  con- 
tains about  33  per  cent,  of  copper,  or  4  times  as  much  as  the  ore ; 
the  other  66  per  cent,  is  chiefly  sulphur  and  iron.     If  with  the 
use  of  the  refining  slags  the  ore  does  not  flux,  the  addition  of 
fluor-spar  is  resorted  to.    Great  care  must  be  taken  not  to  use  too 
much  of  these  fluxes,  for  all  scoria,  no  matter  of  what  description, 
will  contain  copper ;  and  the  more  slag  there  is  made,  the  greater 
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mnst  be  the  loss  in  metal  The  size  of  the  smelting  famaoe  is  so 
regulated,  that  it  consumes  all  the  ore  which  is  calcined  in  the 
first  furnace. 

The  third  operation  is  that  of  smelting  the  crude  metal,  or 
matt,  of  the  second  process,  with  the  slags  of  the  fifth  process. 
This  slag  is  chiefly  a  peroxide  of  iron,  and  the  operation  may  be 
called  on  this  acconnt  a  roasting  one.  This  calcinatioQ  is  per- 
formed in  the  large  furnace,  represented  in  fig.  355,     The  charges 


consist  of  2  tons  of  matt,  with  nearly  an  equal  amount  of  slags. 
The  operation  lasts  24,  and  sometimes  30  or  36  hours,  under  re- 
peated puddling  of  the  ore.  In  this  process  much  care  must  be 
taken  to  regulate  the  heat ;  it  should  be  performed  on  the  prind- 
ples  of  roasting  by  commencing  with  a  low  heat,  which  is  gradu- 
ally increased  to  the  melting  point  The  ore  is  tapped  into  the 
vault  under  the  furnace,  and  oxidized  by  exposure. 

The  fourth  process.  This  is  again  a  smelting  operation  per- 
formed in  the  smelting  furnace,  of  which  fig.  So6  shows  a  plan. 
The  charges  are  28  or  30  cwt.,  and  a  heat  lasts  from  5  to  6  hours, 
or  when  slow  8  hours.  At  every  charge  the  metal  is  tapped, 
which  now  is  a  rich  matt  of  66  per  cent,  of  copper.  It  is  fre- 
quently very  pure,  and  then  it  is  called  fine  metal,  and  run  into 
moulds,  forming  pigs ;  sometimes  all  of  it  is  pimpled  copper.  In 
this  operation  there  should  be  still  so  much  sulphur  in  the  metal, 
OS  to  cause  suflicient  fluidity ;  if  there  is  a  lack  of  it,  some  green 
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ore  is  charged  with  the  matt  When  the  metal  from  this  opera- 
tion is  far  from  the  reguline  state  it  is  run  into  water  and  granu- 
lated. 


The  elags  from  this  last  smelting,  toge}.her  with  some  other 
slags,  are  sometimes  melted  in  a  furnace  by  themselves,  which 
forms  a  particular  operation.  The  matt  obtained  from  these  sli^ 
is  a  white  and  brittle  alloy.  The  slags  are  also  partly  thrown 
away,  but  most  of  them  are  used  in  the  first  process.  The  matt 
obtained  is  smelted  separately,  and  then  added  to  the  first  smelt- 
ing, or  the  second  operation. 

Fifth  process.  The  fine  metal  in  the  form  of  pigs  of  the  fore- 
going operation,  is  charged  to  the  amount  of  2  J  or  3  tons  at  once 
in  the  calcining  furnace,  and  exposed  for  2'1  hours  to  a  gentle 
heat.  It  should  not  melt,  at  least  not  for  16  hours,  and  when 
melted  afterwards  it  is  to  be  repeatedly  skimmed.  The  metal 
from  this  calcining  operation  is  drawn  into  a  bed  of  sand,  and 
formed  into  pigs,  which  are  fine  metal  for  the  refining  furnace. 

The  sixth  process,  is  that  of  refining  or  toughening  the  metal. 
This  operation  is  done  in  the  smelting  furnace ;  a  charge  of  metal 
is  from  3  to  6  tons.  The  pigs  are  exposed  in  the  furnace  to  a 
roasting  heat  for  12  or  16  hours,  then  the  charge  is  melted, 
skimmed,  and  worked  as  clean  as  possible,  A  test  of  the  metal 
is,  after  20  hours'  heat,  'taken  by  means  of  an  iron  ladle.  A 
small  wrought-iron  foundry  ladle  is  washed  and  heated  in  the 
fluid  copper  until  it  becomes  red-hot,  or  as  hot  as  the  metal  itself. 
A  ladle  full  of  metal  is  now  taken  from  the  furnace  and  exposed 
to  a  slow  cooling  in  the  air.     If  the  copper  is  fine  enough,  it  will 
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settle  considerably  in  the  ladle.  The  sur&ce  of  the  metal  in  the 
furnace  is  now  covered  with  fine  charcoal  and  prepared  for  re- 
fining. If  the  copper  in  the  ladle  swells  up,  or  shows  veins,  or 
black  spots,  it  is  not  fine  enough.  In  ovdet  to  accelerate  the  pro- 
cess, a  pole  of  wood  is  now  used  for  stirring  the  metal  diligently 
for  ten  minutes,  after  which  another  ladle  full  is  taken  for  trial ; 
it  is  now  found  to-be  fine,  it  will  settJe  in  the  ladle.  Good  fine 
metal  is  brittle,  of  a  deep  color,  coarse  grain,  porous,  and  crystal- 
line. The  surface  of  the  melted  copper  is  now  covered  with  fine 
charcoal,  and  the  metal  repeatedly  stirred  by  means  of  wooden 
poles.  The  grain  of  the  copper  becomes  finer  by  this  operation, 
and  the  metal  tougher.  A  test  of  the  metal  is  now  repeatedly 
taken  in  a  small  iron  ladle,  and  when  considered  sufficiently  re- 
fined, it  is  tried  by  means  of  a  hanuner  on  the  anvil,  while  still 
red  hot.  K  the  metal  forges  soft,  does  not  crack  on  the  edges, 
and  the  refiner  considers  color  and  grain  sufficient,  it  is  ladled  out 
of  the  furnace  with  large  ladles  and  cast-iron  moulds.  These 
form  either  pigs  or  slabs,  12  inches  wide,  18  inches  long,  and  2 
or  2^  inches  thick.    These  slabs  are  ready  for  the  rolling  milL 

In  the  progress  of  these  different  operations,  the  use  of  the 
slags  forms  a  remarkable  point  for  consideration.  From  the  last 
smeltings  the  slags  go  back  to  the  first  process,  to  be  either  cal- 
cined or  smelted.  The  refining  slags  are  smelted  with  the  metal 
in  the  formation  of  matt ;  and  those  from  the  smelting  of  matt 
are  used  in  the  calcining  operation.  The  arrangement  is  such 
that  the  slag  from  the  last  operation  is  returned  to  a  previous  one. 
In  each  smelting  some  of  the  slags  are  thrown  away,  as  too  poor 
for  the  further  work  of  extraction. 

The  fine  metal  of  the  sixth  operation,  should  be  blistered  or 
pimpled  metal,  containing  from  94  to  96  per  cent  of  copper. 
Pimpled  metal  always  assumes  blisters,  like  those  on  converted 
steel,  when  cast  into  a  sand-bed.  The  heat  on  the  fine  or  blistered 
metal  is  longer  or  shorter  according  to  its  purity;  an  impure 
nietal  requires  more  heat  than  a  pure  metal.  In  some  instances, 
but  a  few  hours  roasting  are  sufficient,  in  others  a  longer  time  is 
required.  When  the  copper  is  melted  in  the  refining  furnace 
there  is  no  harm  done  in  stirring  and  cooling  it,  alternately,  so  as 
to  chill  the  metal,  and  then  melting  it  again.  The  rabbling,  or 
puddling,  must  be  continued  until  the  copper  is  fine ;  in  this  opera- 
tion the  foreign  metals  become  oxidized  and  vitrified.  The  slags 
of  all  the  various  operations  contain  more  or  less  copper,  particu- 
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larly  those  of  refractory  ores.  Neglect  in  akimmiiig  causes  the 
slags  to  absorb  and  retain  much  metal.  The  slags  of  the  coarse 
metal,  or  matt,  take  up  the  oxides  of  iron  and  tin,  and  often  con- 
tain 5  per  cent  of  copper,  they  are  therefore  re-smelted.  If  the 
ore  contains  much  tin,  antimony,  lead,  and  other  metals,  the  slags 
of  the  fourth  operation  are  smelted  in  a  slag-furnace,  and  the 
metal  obtained,  used  as  pot-metal,  either  for  brass  and  copper 
nails,  or  if  much  tin  and  lead  is  present,  pewter  is  formed  of  it 

When  the  point  of  refining  is  passed,  in  the  operation  of  re- 
fining copper,  the  metal  deteriorates  in  value,  it  becomes  carbon- 
ized ;  this  is  prevented  by  exposing  the  hot  surface  to  the  action 
of  the  flame,  and  in  skimming  charcoal  and  slags  off.  Good  metal 
is  bright  on  the  surface  in  the  furnace.  It  is  of  a  fine  red  color 
when  cold, 

in  the  Blast  Furnace. — The  other  method  of  smelting  copper 
ores  is  in  the  blast-furnace.  The  ore  for  this  operation  is  sorted, 
washed,  stamped,  and  in  fact  prepared  as  lead  or  silver  ores. 
Poor  ores,  such  aa  copper  stists,  are  roasted  in  heaps,  for  15  weeks 
or  longer.  In  smelting,  matts  are  formed  as  in  reverberatories, 
which  are  resmelted,  and  finally  refined.    In  fig,  367,  two  vertical 


sections,  A  and  B,  are  shown  of  a  blast-furnace,  and  in  C,  the 
plane  section  with  its  two  basins  D  D.  The  height  of  the  furnace 
is  about  14  or  15  feet ;  the  widest  port  of  the  boshes  39  inches ; 
the  hearth  is  2  feet  square.  The  basins,  D  D,  are  3  feet  in  diam- 
eter, and  about  21  inches  deep. 

The  copper  ores,  alter  having  been  roasted,  are  smelted  1^ 
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cbarcoal  or  coke,  antliracite  is  perhaps  preferable  to  either.  The 
tuyere  is  generally  pushed  far  into  the  furnace,  eo  as  to  concen- 
trate the  heat  in  its  centre.  About  4  tons  of  ore  are  smelted  in 
24  hours  with  a  considerably  strong  blast  In  this  operation  a 
matt  and  a  slag  are  smelted ;  the  first  contains  from  80  to  40  per 
cent  of  copper,  and  the  latter  frequently  6  or  6  per  cent  more  or 
less,  according  to  the  kind  of  ore.  The  matt  contains  sulphurets 
of  copper,  iron,  silver,  zinc,  arsenic,  cobalt,  and  in  fiict  all  those 
metals  which  were  originally  in  the  ore.  It  is  tapped  alternately 
into  the  basins,  and  the  slags  removed  from  its  surface.  In  cool- 
ing, it  forms  on  its  surface  round  plates  which  may  be  lifted  fi-om 
the  fluid  metal.  These  contain  matt  of  a  variety  of  compositions 
according  to  the  height  of  the  metal  in  the  basin. 

The  matt  thus  obtained  is  generally  roasted,  either  in  kilnq, 
or  more  generally  at  present,  in  reverberatoriea,  of  which  fig. 
S58  A,  represents  a  vertical  section  of  a  German  one.     Fig.  B 


shows  the  same  furnace  m  an  opposite  section  to  that  of  A. 
Above  the  two  furnaces,  there  is  a  condensing  chamber  C,  into 
which  the  volatile  metals  are  conducted.  These  two  furnaces,  one 
above  the  other,  are  so  arranged,  that  either  of  them  may  be 
used  separately.  The  flame  is  then  conducted  from  the  lower 
furnace  in  a  separate  flue  into  the  condensing  chamber,  the 
partitions  in  which  are  so  arranged  that  the  gases  are  conducted 
from  one  into  the  other  until  they  escape  into  a  chimney. 

The  matt  is  roasted  in  these  furnaces  from  3  to  6  times ;  this 
is,  therefore,  an  extremely  slow  operation ;  subsequently  it  is  ex- 
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posed  to  Bmelting  again  in  the  blast-fiiraace.  Crude  copper  is 
now  obtained  of  a  granulated  fracture,  which  ia  ready  for  refining. 
After  the  above-mentioned  roasting  is  performed,  the  ore  is  lixi- 
viated in  water,  in  order  to  extract  the  soluble  sulphate  of  copper, 
which  ia  precipitated  by  means  of  metallic  iron.  The  coarse  or 
black  copper  forms  the  lowest  stratum  in  the  smelting  furnace, 
and  also  the  basins ;  above  this  floats  a  poor  matt  covered  by  a 
silicious  slag,  which  is  thrown  off  and  rejected.  The  matt  and 
the  metal  underneath,  are  gradually  lifted  out  as  it  cools,  and  are 
in  the  form  of  rosettes. 

The  fine  copper,  thus  obtained  from  the  blaat-fumace,  is  most 
generally  refined  in  reverberatory  furnaces.  In  all  instances  that 
copper  which  has  been  smelted  in  blast-furnaces  ia  subjected  to 
refining  in  the  reverberatory,  if  it  ia  brought  into  market  directly 
from  the  blaat-fumace ;  this  kind  of  copper  is  quite  impure,  whidi 
rendere  it  unfit  for  being  rolled  into  sheets.  The  impurities  are 
most  aiiccessfully  removed  in  the  reverberatory,  as  they  consist 
chiedy  of  carbon  and  oxidizable  metals. 

A  copper  refining  furnace,  as  it  is  used  by  the  Germans,  is 
shown  in  fig.  359  in  plane.    The  hearth  A,  7  feet  in  diameter,  is 


formed  of  sand,  or  clay  and  fine  charcoal.  B  B  are  two  receiving 
basins,  for  ladUng  out  the  copper,  or  forming  rosettes  of  it.  Three 
tons  of  black  copper  are  melted  at  once,  and  as  soon  as  the  metal 
is  fluid  the  bellows  are  sot  in  operation,  which,  by  means  of  the 
tuyeres,  C  C,  furnish  blast  on  the  surface  of  the  metal  and  oxidize 
it  rapidly.  A  thick  slag  is  thus  formed  which  is  constantly  drawn 
off,  so  as  to  expose  a  clean  surface  to  the  action  of  the  blast  The 
refining  lasts  about  16  or  17  hours,  and  the  loss  of  metal  amounts 


694  HETALLCROT. 

to  S  per  ceot,  which  is  absorbed  by  the  dagB.  The  latter  is  re- 
turned to  the  blost-fumace. 

The  expenacs  for  Bmelting  copper  ores  are  high,  oa  accoont 
of  the  many  and  tedious  operations  which  must  be  performed. 
Poor  sulphureous  ore,  or  that  which  contains  but  8  or  10  per 
cent,  of  copper,  is  the  most  profitable  in  the  reverberatory ;  rich 
ores  should  be  smelted  in  the  blast-furnace.  Ores  of  9  per  oent. 
consume  20  tons  of  mineral  coal  for  the  production  of  1  ton  of 
metal ;  ■  poorer  or  richer  ores  than  these  cause  the  use  of  still 
more  fuel.  The  labor  spent  in  working  the  ore,  amounts  to  still 
more  than  the  fuel  consumed,  and  it  may  be  near  the  truth  when 
we  state  that  a  ton  of  copper  smelted  of  ore  requires  the  labor  of 
80  men  for  one  day.  Tlie  price  paid  for  poor  pyrit<?8,  is  $2  50 
per  cwt.,  so  that  a  Um  of  ore  yielding  10  per  cent  of  copper  is 
worth  §25.  Rich  ores  are  not  paid  for  according  to  this  standard, 
because  they  cause  the  use  of  more  labor  and  fuel. 

Copper  is  brought  into  market  in  different  forma.  For  melt- 
i  i;r  brass  it  is  sold  in  a  granulated  form,  beao'-oopper.  This  is 
produced  by  pouring  it  through  an  iron  strainer,  made  of  a  ladle, 
into  cold  water.  Hot  metal  causes  round  betuu^  cold  metal  ob- 
long beans.  Russian  copper  is  sold  in  small  square  slabs;  Span- 
ish copper  in  the  form  of  pigs. 

The  rollers  used  fur  laminating  cop]>er  or  brass  are  plain  cyl- 
inders, as  shown  in  lig.  360,  not  often  more  than  36  or  40  inches 


long,  and  16  inches  in  diameter.  Rollers  5  feet  long  and  20 
inches  in  diameter,  are  used  for  large  sheets.  Slabs  for  rolling, 
are  gently  heated  on  the  hearth  of  a  reverberatory  furnace,  fig. 
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361,  to  a  dull  red  heat  At  first  singly,  and  as  the  sheets  become 
thinner,  they  are  passed  in  pairs,  or  three  sheets  and  more  at  once, 
through  the  rollets.    In  the  process  of  lamination  the  metal  be- 


comes cold,  and  by  compression  hard ;  it  is  therefore  reheated, 
which  serves  in  the  mean  time,  when  performed  slowly,  for  anneal- 
ing. When  large  sheets  are  to  be  rolled,  the  annealing  furnace 
must  be  of  a  sufficient  size  to  contain  them.  They  are  greased 
before  passing  them  between  the  rollers.  Most  of  the  sheet  cop- 
per manufactured  in  the  United  States,  is  produced  in  Connecti- 
cut, Massachusetts,  and  Pennsylvania. 

Some  kinds  of  cojjper  contain  large  quantities  of  silver,  for 
which  the  Lake  Superior  copper  is  particularly  distinguished. 
We  shall  allude  to  the  extraction  of  this  metal  under  the  head  of 
silver. 

Theory  of  SmeUing  Oopper. — The  copper  of  commerce  is  not 
pure ;  it  is  an  alloy,  as  well  as  other  metals.  A  quality  of  Norway 
copper,  much  esteemed  by  brass  manufacturers,  contains  99'5  cop- 
per and  "5  lead.  Hard  Hungarian  copper  contains  99  copper,  '7  an- 
timony, 1  iron.  A  superior  quality  of  Swedish  copper  was  com- 
posed of  98-66  copper,  -75  lead,  -05  iron,  -23  silver,  -05  silicon,  -02 
aluminum,  03  magnesium,  '12  potassium,  and  '09  calcium.    These 
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assays  show  how  much  impurity  copper  may  contain,  and  still  be 
considered  as  a  good  article.  The  purest  kind  of  copper  ahould 
be  employed  for  sheets.  A  minute  quantity  of  lead  causes  cop- 
per to  roll  badly,  and  iron  causes  it  to  be  brittle.  Other  admix- 
tures are  less  injurious  than  these  metals.  We  are  informed  that 
the  purest  copper  contains  protoxide  of  the  metal,  a  &ct  which  is 
observed  in  most  other  metals.  The  best  kinds  of  copper  are 
those  which  have  been  smelted  by  charcoal,  and  contain  minute 
quantities  of  potassium.  Bell-founders  and  other  workers  in 
bronze  and  brass  are  in  the  habit  of  covering  the  metal  with  pot- 
ash or  soda ;  this  causes  it  to  be  close,  sonorous,  and  of  a  fine 
grain.  The  substances  most  injurious  to  copper  are  lead,  iron, 
antimony,  silicon,  carbon,  sulphur,  phosphorus,  arsenic,  and  some 
other.  Small  quantities  of  lead,  iron,  nickel,  silver,  aluminum, 
magnesium,  calcium,  sodium,  and  potassium,  improve  the  tenacity 
and  general  qualities  of  the  metal.  In  refining  copper,  it  must 
be,  therefore,  of  advantage  to  have  the  surface  of  the  metal  cov- 
ered with  charcoal  which  has  been  soaked  or  damped  with  a 
solution  of  carbonate  of  potash  or  soda.  These  alkalies  cause  the 
removal  of  lead,  tin,  zinc,  and  iron,  a;nd  prevent  the  flying  or 
boiling  of  the  metal. 

The  fine  copper  of  the  smelter,  pimpled  copper,  black  copper, 
or  blistered  copper,  is  an  impure  copper  which  contains  much 
iron.  This  kind  of  metal  is  so  far  purified  copper  as  to  show  its 
color  and  faint  metallic  properties.  Black  copper,  smelted  of  py- 
rites, contained  96*7  copper,  2-9  iron,  -6  zinc,  and  '8  sulphur.  Some 
crude  copper,  smelted  of  carbonates  and  oxides,  in  the  blast-fiir- 
nace,  was  composed  of  89'3  copper,  6*5  iron,  24  peroxide  of  iron, 
•3  sulphur,  and  1-3  silica.  We  may  mention  that  silica,  combined 
with  the  ])rotoxide  of  iron,  exists  in  the  form  of  slag  in  the  cop- 
per. A  coarse  metal,  which  was  derived  from  a  refining  cinder, 
contained  copper  27-6,  iron  2*5,  cobalt  19*7,  nickel  35*2,  lead  12'4. 
A  metal  which  furnished  a  prime  quality  of  copper,  in  refining  it, 
consisted  of  95*5  copper,  3*5  iron,  -4  bismuth,  -6  silver. 

The  composition  of  the  crude  metal  depends  on  the  composi- 
tion of  the  ore.  In  metal  derived  from  sulphurets,  much  sulphur 
is  found ;  and  in  that  from  oxides,  other  metals  form  the  impuri- 
ties, which  must  be  removed  before  the  metal  is  saleable.  Iron 
forms,  in  most  instances,  the  bulk  of  the  impurities,  and  it  must 
be  the  object  of  the  refiner  to  remove  it  entirely.  The  presence 
of  silica  is  required  to  oxidize  and  remove  iron ;  but,  as  the  oxide 
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of  copper  has  also  a  strong  affinity  for  silica,  the  heat  should  be 
low,  and  the  iron-slag,  as  soon  as  formed,  should  be  removed  by 
skimming  the  metal.  In  crude  copper,  derived  from  pyrites,  the 
iron  may  be  supposed  to  be  present  as  sulphuret ;  and  as,  in  ox- 
idizing this,  the  metal  is  oxidized  to  the  highest  degree,  it  is  neces- 
sary that  carbon  should  be  present,  to  reduce  the  peroxide  of  iron 
thus  formed,  and  convert  it  into  protoxide,  suitable  for  a  xmion 
with  silica.  Such  crude  copper  should  therefore  be  refined,  under 
cover  of  charcoal,  agitated  by  means  of  wooden  poles.  Copper 
smelted  of  oxides  contains  the  iron  in  a  metallic  state,  in  the  form 
of  grains;  for  the  affinity  between  these  two  metals  is  so  fiiint 
that  they  do  not  unite  chemically.  The  proper  mode  of  refining 
this  kind  of  crude  copper  is  to  melt  it  at  a  pretty  strong  heat,  and 
stir  or  puddle  it  by  means  of  an  iron  rod,  or  hook,  such  as  shown  in 
fig.  862.     Other  substances  than  those  above  mentioned  are  easily 


removed  from  copper.  Lead,  zinc,  bismuth,  and  arsenic  are  vola- 
tile, or  their  oxides  combine  readily  with  potash  or  soda,  by  the 
addition  of  which  they  will  separate  from  the  metal.  A  small 
quantity  of  precious  metal  does  no  harm  to  copper ;  and  large 
quantities,  such  as  one  per  cent,  of  silver  or  gold,  may  be  profit- 
ably extracted  from  it.  Cobalt  is  removed  with  the  iron,  and 
nickel  does  no  harm,  for  the  alloy  may  be  used  as  argentan  in 
case  much  of  this  metal  is  present.  When  iron  chiefly  is  to  be 
removed,  a  clean  surface  of  the  melted  metal  is  required  in  order 
to  facilitate  its  oxidation ;  all  other  metals  ought  to  oxidize  slowly, 
and  the  oxides  should  be  supplied  with  some  alkali  to  combine 
with. 

The  impurities  of  copper  are  brought  into  the  metal  either  by 
the  ore,  flux,  or  fuel.  Iron  is  generally  used  as  flux ;  if  there  is 
not  sufficient  of  it  present  in  the  ore,  it  is  added  in  smelting.  But, 
as  this  method  of  using  iron  causes  the  formation  of  balls  or  lumps 
of  refractory  metal,  or  slag,  in  the  furnace,  the  poor  copper  ore 
which  contains  iron  as  a  natural  admixture  is  preferred,  since  it 
is  not  liable  to  balling.  The  iron  is  in  sulphuretted  slags,  in  the 
form  of  sulphuret  of  iron.     In  slags  derived  from  oxidized  ores. 
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it  is  in  the  form  of  protoxide.  In  the  first  kind  of  slag,  sulphur 
causes  its  fusibility ;  in  the  second  slag,  silica.  The  former  is  a 
sulphuret,  the  latter  a  silicate.  Both  these  compounds  may  be 
present  in  a  slag ;  this,  however,  is  not  often  the  case.  Generally, 
the  silica  separates  fix)m  the  sulphuret,  and,  as  the  first  is  not  so 
heavy  as  the  latter,  it  floats  on  its  surface.  In  smelting,  we  thus 
obtain  a  slag  which  is  a  silicate,  as  the  highest  stratum,  and  a  slag 
which  is  a  sulphuret  below  that ;  the  latter  is  called  matt  When 
metals  are  present  which  have  only  a  faint  affinity  for  sulphur, 
such  as  lead,  gold,  or  silver,  these  gather  below  the  matt  and  slag 
as  we  have  seen  in  smelting  lead.  So  long  as  sulphur  is  present 
in  the  slags,  we  cannot  succeed  in  removing  all  the  iron  from  the 
copper,  nor  all  the  copper  from  a  sulphureous  slag.  Silicate  of 
copper  is  refractory.  All  the  metal  may  be  extracted  fix)m  a  sili- 
cate, provided  the  union  of  copper  and  silex  is  prevented.  The 
metal  should  be  separated  before  silex  is  admitted  to  act  on  its 
oxide.  Thus  we  have  a  series  of  operations  in  the  reverberatoiy, 
all  calculated  to  remove  iron  by  means  of  silex,  and  retain  and 
concentrate  the  copper  in  the  form  of  a  sulphuret  or  matt  The 
addition  of  silica  to  rich  ores  is,  therefore,  a  necessity ;  but,  as  it  is 
difficult  to  estimate  the  proper  quantity  to  be  used,  such  rich  ores 
are  not  always  so  profitable  to  work  as  the  poorer  kinds.  Too 
much  silex  causes  a  stiff  cinder  which  absorbs  copper ;  and  too 
little  silex  does  not  absorb  all  the  iron,  and  forms  a  stiff  slag 
which  cannot  be  separated  from  the  copper,  and  causes  it  to  form 
balls  and  oxidize.  In  smelting  copper,  as  well  as  other  metals, 
the  slags  are  never  too  fusible;  stiff  pasty  slags  always  retain 
grains  of  metal.  It  makes  no  difference  by  what  means  copper 
slags  are  rendered  fusible,  provided  they  melt  at  a  lower  degree 
of  heat  than  the  metal  itself.  Copper  cannot  be  reduced  from  its 
sulphuret — it  should  be  oxidized ;  therefore,  the  smelting  of  cop- 
per is  divided  in  a  succession  of  processes,  consisting  of  alternate 
calcinations  and  smeltings. 

Slag  from  a  smelting  of  copper  pyrites  in  a  reverberatory. 
contained  48*2  silica,  '5  protoxide  of  copper,  87  protoxide  of  iron, 
8  oxide  of  tin,  4  lime,  1  magnesia,  1*8  alumina.  This  slag  is 
thrown  away,  because  it  contains  but  little  copper.  Slag  from 
roasted  pyrites,  smelted  in  a  low  blast-furnace,  contained  silica 
51*8,  protoxide  of  copper  14,  protoxide  of  iron  29'2,  baryta  8*8,  alu- 
mina 5.  The  same  kind  of  ore,  smelted  with  more  iron,  furnished 
silica  35,  protoxide  of  iron  41,  oxide  of  zinc  8,  baryta  12,  lime  3, 
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magnesia  2,  alumina  4.  This  composition  furnishes  a  more  fluid 
slag  than  the  former,  and  is  consequeatlj  free  from  copper. 
When  the  addition  of  iron  is  necessary,  it  should  be' made  in 
the  form  of  forge  cinder,  or  puddling-fumace  cinder,  from  the 
iron  works;  because  that  form  of  iron  fluxes  well,  without  fur- 
nishing metal.  The  following  is  an  assay  of  a  slag  which  con- 
tained loo  much  iron :  silica  33'6,  protoxide  of  copper  3,  protoxide 
of  iron  ol'o,  lime  5,  alumina  5'6.  Thi3  slag,  besides  containing 
much  copper,  caused  the  depositiou  of  considerable  iron  in  the 
smelted  copper,  which  formed  balls  of  refractory  metal  consisting 
of  89-4  iron,  2  copper,  7  cobalt,  and  1'8  sulphur.  We  thus  see 
that  tlie  quantity  and  form  in  which  fluxes  are  used,  is  of  much 
importance  in  this  operation.  Copper  may  be  smelted  from 
crude  ores  with  success,  as  it  is  performed  in  Sweden ;  but  the 
operation  requires  skilful  hands  to  manage  it.  The  fluxes  are 
arranged  so  as  to  form  a  silicate,  con.siating  of  silica  56'5,  pro- 
toxide of  iron  14'9,  lime  6'3,  magnesia  14'3,  alumina  6.  This  is 
a  first-rate  slag,  and  works  well  in  the  low  blast-furnace.  The 
flux  commonly  used  is  limestone  and  forge  cinder.  More  lime 
and  less  iron  causes  the  copper  to  be  very  impure,  and  the  slags 
contain  copper ;  it  also  causes  vexatious  work  in  the  furnace. 
Slags  from  copper  smelting  resemble  the  forge  cinder  of  the  iron- 
works ;  they  are  however  generally  not  so  glassy,  and  often  con- 
tain oxide  of  iron  not  combined  with  silica. 


The  matt  obtained  in  the  various  processes  is  a  compound  of 
metals  and  sulphur,  difiering  with  the  kind  of  ore  from  which  it 
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is  obtained  and  the  mode  of  operation  by  which  it  is  formed 
Eoasted  pyrites  smelted  in  a  low  blast-furnace,  such  as  is  used  for 
smelting  lead,  fig.  272,  furnishes  a  matt  consisting  of  27  copper, 
40  iron,  25  sulphur,  and  8  earthy  matter.  Kich  matt,  smelted  in 
a  blast-furnace  16  feet  high,  from  roasted  ore,  contained  68'6  cop- 
per, 13"2  iron,  23'2  sulphur,  and  '6  earthy  matter. 

The  slags  obtained  in  refining-fiimaces  are  a  combination  of 
the  oxides  and  sulphurets  which  are  contained  in  the  crude 
metal.  Befining  is  at  present  exclusively  performed  in  rever- 
beratory  furnaces,  either  with  the  assistance  of  blast  or  without 
it ;  in  either  case  the  metals  are  oxidized  by  the  oxygen  of  the 
air,  and  the  sand  of  the  hearth  furnishes  the  sihca  for  vitrifica- 
tion. These  slags  always  contain  a  large  quantity  of  copper,  and 
are  therefore  rc-smelted,  either  by  themselves,  or  returned  to 
earlier  operations.  The  predominance  of  other  metals  than  iron 
in  the  slags  is  indicative  of  a  corresponding  quantity  of  copper. 
Oxide  of  antimony  is  particularly  apt  to  form  and  absorb  oxide 
of  copper.  Lead  has  a  similar  effect,  but  in  a  far  less  degree. 
The  slags  obtained  from  the  refining  operations  are  easily  re- 
duced in  a  small  blast-furnace,  and  furnish  an  alloy.  Smelted  in 
a  crucible  with  black  flux,  an  assay  of  them  is  obtained  in  which 
all  the  other  metals  are  present  except  iron.  Their  appearance 
varies  greatly ;  when  they  contain  much  iron  and  sulphur,  they 
are  gray  or  black.  Slags  which  contain  no  sulphur  are  brown, 
scmi-trausparent,  and  often  blood-red,  magnetic,  of  all  shades  of 
color  between  black-brown  and  light-red. 

On  whatever  principle  the  extraction  of  copper  from  its  ores 
is  conducted,  the  composition  of  the  ore  and  flux  is  so  arranged 
that  the  yield  does  not  amount  to  more  than  7  or  8  per  cent 
The  first  smelting  yields  then  a  matt  of  80  per  cent,  of  copper ; 
the  second  smelting  one  of  60  per  cent.,  and  the  third  smelting 
crude  metal,  or  pimpled  copper  of  75  to  86  per  cent  In  blast- 
furnaces, ores  of  2^  per  cent,  or  less  in  yield,  may  be  smelted  to 
advantage.  Rich  ores  are  smelted  in  a  low  furnace,  the  height  of 
which  varies  from  5  to  18  feet  The  first  smelting  of  a  2|  per 
cent  ore  yields,  in  Sweden,  in  the  first  smelting  a  matt  of  60  per 
cent  of  copper.  And  the  second  smelting,  afler  roasting  the 
matt,  yields  crude  metal  of  85  or  90  per  cent,  copper.  In  Ger- 
many, an  argentiferous  copper  is  smelted  of  bituminous  slate  in 
high  blast-furnaces,  which  yields  only  from  1  to  3  per  cent,  of 
copper ;  the  copper  has  not  quite  J  per  cent  of  silver.     In  aU 
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these  various  forms  of  smelting  copper  ore,  a  rapid  oxidation  by 
a  high  heat  cannot  be  permitted  in  order  that  the  formation  of 
silicates  of  copper  may  be  prevented.  Calcining  is  performed  at 
a  low  heat,  because  if  the  ore  was  subjected  to  fusion  in  the 
operation,  much  copper  would  unite  so  closely  with  the  silica  as 
to  become  inseparable  in  the  smelting-furnace.  Sulphur  and 
siUca  are  necessary  fluxes  in  the  reverberatory.  In  the  blas^ 
furnace,  copper  ore  may  be  smelted  by  fluxing  it  with  lime  or 
silicate  of  iron ;  and  where  the  latter  can  be  obtained  in  sufficient 
quantity,  there  is  no  doubt  but  that  the  smelting  is  cheaper  when 
performed  in  the  blast-furnace  than  in  the  reverberatory,  Ke- 
fining  should  be  invariably  done  in  the  reverberatory. 


•  •• 


CHAPTER   VIII. 

Oold, — Oerm,  gold;  Fr,  Or;  Lat.  Aurum.  Gold  is  found  al- 
most over  the  whole  globe,  but  in  most  cases  in  small  quantities 
compared  with  other  metals.  At  the  present  time  California 
aflTords  the  largest  amount  of  this  metal  in  the  world.  Virginia, 
North  Carolina,  South  Carolina,  Georgia,  and  Alabama,  in  the 
United  States,  afford  gold  in  considerable  quantity.  The  produc- 
tion of  California  amounted  in  the  year  1850  to  about  $40,000,000 
worth  of  this  metal ;  the  other  States  of  the  Union  together  about 
$2,000,000.  Next  to  the  United  States,  the  largest  amount  of 
gold  is  furnished  by  Russia,  from  the  Ural  Mountains.  It  is 
found  extensively  in  the  South  American  States,  near  the  Equa- 
tor, in  Africa,  Asia,  and  Europe.  Gold  is  chiefly  found  in  its 
native  condition,  in  a  metallic  state,  alloyed  with  silver,  and 
sometimes  with  tellurium,  as  is  the  case  in  Virginia  and  North 
Carolina.  In  California  it  is  found  chiefly  in  alluvial  ground, 
bedded  upon  rock  in  most  cases;  it  is  also  found  inclosed  in 
quartz  rock,  apparently  in  veins  ramifying  the  rocks  of  an  ex- 
tensive mountain  range.  This  California  gold  is  obtained  chiefly 
in  large  grains,  and  often  in  lumps  of  several  pounds  weight.  In 
the  other  States  of  the  Union  the  gold  is  in  very  minute  frag- 
ments, often  invisible  to  the  eye  if  not  aided  by  a  lens,  only  to 
be  detected  by  crushing  and  grinding  the  rock  and  washing  off 
the  debris.     This  gold  is  apparently  derived  from  the  decompo- 
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sition  of  iron  and  copper  pyrites,  chiefly  the  first ;  which  asser- 
tion cannot  be  objected  to,  because  it  is  founded  in  principle  that 
almost  all  iron  pyrites  contain  gold,  that  the  gold  ores  of  that 
region  are  rocks  which  are  colored  by  iron,  and  that  this  iron  is 
evidently  derived  from  the  decomposition  of  the  pyrites.  Pyritous 
ores  of  this  kind  are  worked  which  contain  no  visible  gold,  or 
which  do  not  yield  gold  at  the  first  crushing  and  washing,  but 
which  furnish  gold  in  a  succession  of  amalgamations,  performed 
after  regular  intervals  of  exposure  to  the  air  in  a  fine  powder. 
Gold  is  also  furnished  by  the  silver  ores  of  North  Carolina  and 
Virginia. 

A  splendid  yellow  color  and  brilliant  metallic  lustre  charac- 
terizes gold  distinctly  from  other  metals;  its  specific  gravity 
being  19*3  to  water,  is  another  quality  easily  appreciated  by  the 
senses.  It  is  pre-eminently  ductile,  which  qualifies  it  for  an  ex- 
tensive use  in  the  arts.  One  grain  of  gold  may  be  drawn  into  a 
wire  500  feet  long ;  silver  may  be  coated  with  gold,  of  which  the 
thickness  is  only  the  twelve-millionth  part  of  an  inch,  and  still 
the  microscope  cannot  detect  the  slightest  indication  of  an  inter- 
ruption of  the  gold  coating.  Pure  gold  requires  more  heat  for 
melting  than  either  silver  or  copper,  but  as  all  native  gold  is 
alloyed  with  some  other  metal,  it  may  be  considered  more  fusible 
than  those  metals.  If,  in  cupelling  gold,  the  hot  globule  shines 
with  a  greenish  light,  we  may  consider  the  gold  not  much  adul- 
terated ;  if  it  contains  10  per  cent.,  or  from  there  to  one-third  of 
silvet,  the  color  of  the  gold  is  in  the  hot  cupel  white  as  silver. 
Pure  gold  is  not  very  volatile,  and  may  be  exposed  to  a  strong 
heat  for  a  long  time  without  loss  of  metal ;  but  if  gold  i^  alloyed 
with  volatile  metal,  such  as  lead,  zinc,  and  antimony,  it  is  liable 
to  be  carried  off  by  their  vapors.  Gold  has  a  considerable  co- 
hesion, which  inclines  it  to  crystallization.  Its  crystal  form  is  an 
octahedron ;  it  is  often  found  in  fragments  of  crystals  imbedded 
in  quartz,  of  which  fine  specimens  are  found  in  California,  and 
also  in  the  gold  region  of  the  Southern  States.  In  melting  gold 
along  with  pure  borax  it  assumes  a  whitish  color,  as  if  adulterated 
with  silver ;  in  melting  it  again  with  saltpetre,  or  common  salt, 
it  recovers  its  rich  yellow  color. 

The  geological  position  of  gold  is  in  the  primitive  rock.  It 
is  found  in  granite,  disseminated  in  grains  and  spangles  through 
the  mass  of  rock.  In  the  United  States  gold  is  chiefly  found  in 
the  stratified  transition  series ;  in  California  it  appears  to  be  dis- 
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seminated  through  this  rock,  imbedded  in  quartz.  Most  of  the 
gold,  the  California  gold  exclusively,  is  found  in  alluvial  soil. 
In  the  Southern  gold  region  this  source  is  much  exhausted,  and 
the  gold  is  here  obtained  from  regular,  well-developed  veins, 
running  parallel  with  the  general  direction  of  the  rock  strata, 
southwest  by  northeast.  The  plane  of  inclination  of  these  veins 
is  also  parallel  with  the  plane  of  inclination  of  the  general  forma- 
tion. It  appears  from  this  that  the  gold-bearing  veins  are  of  a 
simultaneous  origin  with  the  rock ;  at  least,  they  have  been  in- 
troduced when  the  rock  was  in  a  plastic  condition.  In  Virginia 
and  North  Carolina  the  gold-bearing  veins  are  a  ferruginous 
talcose  slate,  often  inclined  to  mica  slate.  In  North  Carolina  this 
slate  is  found  to  be  very  hard  in  many  instances,  showing  a  com- 
pact solid  mass  of  rock,  apparently  the  same  slate,  but  having 
been  under  the  influence  of  a  considerable  heat,  it  is  hardened. 
In  Virginia  this  slate  is  more  soft,  the  fissures  open  more  readily, 
and  the  whole  vein  shows  the  appearance  of  soft  slate.  This 
slate  is  impregnated  with  small  quartz  veins,  from  one-eighth  to 
one-half  an  inch,  and  often  two  inches  thick.  Where  these  quartz 
veins  are  thin  and  in  great  numbers,  the  ore  is  always  found  to 
be  richest  in  gold.  This  feature  of  the  ore  is  well  developed 
throughout  Virginia,  and  at  Goldhill,  North  Carolina.  The  vein- 
stone of  the  gold-bearing  veins  is  strongly  impregnated  with  oxide 
of  iron,  showing  evidences  that  this  iron  is  derived  from  pyrites, 
because  the  oxide  appears  in  dots  or  flowers,  and  groups  of  dots. 
Many  of  these  veins  have  been  traced  to  that  depth  where  the 
pyrites  are  not  oxidized ;  here  they  appear  in  their  perfect  crys- 
tal form,  and  are  profusely  distributed  through  the  slate.  The 
oxidation  of  these  pyrites  appears  to  depend  on  the  penetrability 
of  the  rock  by  atmospheric  agents ;  where  the  slate  is  soft  we 
find  it  oxidized  to  the  depth  of  from  50  to  150  feet ;  Avhere  the 
slate  is  hard,  as  is  the  case  at  the  Sawyer  mine.  North  Carolina, 
the  oxidation  reaches  hardly  10  or  20  feet  deep,  and  is  in  many 
places,  such  as  bluflfe,  not  developed  at  all.  At  the  latter  spots 
the  pyrites  are  in  their  original  form,  untouched  by  oxygen. 
Where  the  pyrites  are  not  oxidized  the  extraction  of  gold  is  con- 
nected with  considerable  more  expense  than  it  is  from  soft  slate 
and  oxidized  pyrites.  The  crushing  of  the  hard  slate  is  in  the 
first  place  more  expensive ;  the  sulpliur  of  the  pyrites  destroys  a 
large  portion  of  quicksilver  in  amalgamation,  and  the  gold  can- 
not be  all  extracted ;  the  largest  portion  of  it  remains  inclosed  by 
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the  sulphuret  of  iron,  which  can  only  be  liberated  by  destroying 
that  envelope. 

When  we  consider  the  great  extension  of  the  Southern  gold 
formation,  which  is  at  least  600  miles  long ;  the  breadth  of  the 
gold-bearing  strata  in  which  the  veins  are  imbedded,  and  which 
is  from  5  to  20  miles  wide ;  further  consider  the  depth  of  these 
veins,  which  may  be  assumed  to  be  2,000  feet,  the  body  of  gold 
ore  in  these  regions  is  certainly  to  be  regarded  as  an  important 
source  of  national  wealth.  There  is,  however,  one  drawback  to 
the  rapid  extraction  of  gold  from  these  deposits — ^the  ores  are  all, 
without  exception,  pyritous  in  greater  depth,  and  to  work  these 
sulphurets  to  advantage  no  progress  has  been  made  up  to  this 
time.  Various  experiments  tending  to  accomplish  this  purpose, 
and  aflfording  means  of  extraction,  have  been  tried,  but  none  ot 
these  succeeded  so  far  as  to  work  the  poorer  class  of  ores.  At 
Goldhill,  N.  C,  where  the  ores  yield  from  $1.60  to  $8  of  gold  in 
100  pounds  or  one  bushel  of  ore,  the  pyritous  ores  are  ground, 
amalgamated,  and  a  certain  portion  of  gold  extracted.  The 
crushed  ore,  now  a  fine  sand,  is  exposed  to  the  influence  of  the 
atmosphere  for  one  year,  after  which  the  process  of  grinding  and 
amalgamating  is  repeated,  and  another  portion  of  gold,  almost 
equal  to  the  first,  is  extracted.  An  exposure  of  another  year  ftir- 
nishes  another  crop  of  gold,  which  operation  may  be  repeated 
four  or  five  times  without  extracting  all  the  metal  from  the  sand. 
This  way  of  working  is  tedious,  expensive,  and  will  not  answer 
where  the  ores  yield  but  25  cents  to  the  bushel.  The  process  of 
roasting  these  ores  by  artificial  fire  is  too  expensive,  and  all  pro- 
cesses which  require  much  labor  are  out  of  the  question.  Here 
is  a  promising  field  for  American  ingenuity  and  industry. 

The  extraction  of  gold  is  performed  in  California,  and  also  in 
some  parts  of  the  Southern  States,  simply  by  washing  the  allu- 
vial soil,  removing  the  sand,  clay,  and  debris  of  rock ;  after  these 
operations  the  gold,  as  specifically  the  heaviest  matter,  will  re- 
main in  the  vessel  in  which  the  washing  has  been  performed. 
This  washing  may  be  done  to  advantage  in  a  tin  pan  or  a  sheet- 
iron  pan.  Such  a  pan  is  filled  with  sand  containing  the  gold  and 
immersed  in  water ;  in  stirring  it  gently  by  hand  the  clay  and 
light  sand  flow  off",  and,  after  sprae  of  the  earthy  matter  is  re- 
moved, the  pan  is  shaken  so  as  to  bring  the  heavier  gold  to  the 
bottom  of  it ;  the  superstratum  of  sand  is  now  removed,  and  the 
gold  found  in  the  bottom  of  the  pan.     Where  water  is  abundant^ 
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a  more  eflfective  machine  than  the  pan  is  employed.   This  machine 
ifi  called  a  rocker.    It  is  represented  in  fig.  tS64. 


Flo.  364. 


This  is  a  machine  made  of  wood,  about  6  feet  long,  26  inches 
high,  and  16  inches  wide  in  the  trough.  A  is  a  grating  of  flat 
iron  bars,  set  edgeways,  leaving  an  open  space  of  about  ^  an  inch 
between  each  bar.  By  B  a  strong  current  of  water  is  let  upon 
this  grating,  which  flows  off  at  the  opposite  end  of  the  machine. 
The  machine  rests  upon  two  gently-curved  frames,  which  admit 
of  a  rocking  motion  upon  two  planks  laid  on  the  ground.  This 
apparatus  is  set  in  a  rocking  motion  by  a  boy,  two  wooden 
springs  on  each  side  of  it  limiting  that  motion,  and  forcing  the 
rocker  back  at  each  vibration.  The  machine  represents  in  its 
motion  a  worn-out  cradle,  which  is  used  beyond  gentle  rocking. 
A  laborer  supplies  the  rocker  with  sand  at  B,  by  means  of  a 
shovel ;  the  sand  which  passes  through  the  grating,  and  also  the 
gold,  falls  in  the  trough  C,  in  which  quicksilver  is  kept  in  case 
the  gold  is  fine ;  it  forms  here  an  amalgam  of  gold.  The  light 
sand  from  C  is  swept  off  by  the  water  which  passes  through  the 
grating.  The  cradle  is  more  or  less  inclined  towards  the  dis- 
charge of  the  charges,  according  to  the  kind  of  material  to  be 
washed.  These  operations  are  quite  effective ;  secure,  for  coarse 
gold ;  the  fine  and  floating  gold  is  lost. 

Gold  inclosed  in  rocky  matter  cannot  be  washed  with  success 
in  the  foregoing  described  manner ;  the  rock  must  be  crushed, 
and  is,  in  this  operation,  transformed  into  more  or  less  fine  sand. 
The  bulk  of  this  sand  is  removed  by  washing,  and  the  rest,  with 
the  gold,  reserved  for  amalgamation. 

The  crushing  is  performed  in  the  stamp-mill,  fig.  865.     A 

vertical  shaft,  to  which  a  cross  shaft  and  two  millstones  of  4  or  6 

feet  diameter  are  appended,  revolves  slowly  around  itself,  making 

from  3  to  6  revolutions  per  minute.    This  shaft  carries  with  it 
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the  two  head-stoues,  which  revolve  around  the  vertical  axi^  and 
in  the  mean  time  around  their  own  axis,  running  upon  a  tlurd 
millfltone,  which  is  laid  horizontal,  and  fixed  upon  the  floor 


of  the  millhouse  These  stones  are  of  hard  material,  either  of 
granite,  gneiss,  trap,  or  some  other  tenacious  hard  rock.  Such 
mills  are  chiefly  used  for  grinding  clay,  fire  clay,  or  kaohn  in 
porcelain  manufactories.  Similar  mills  are  exclusively  employed 
in  North  Carolina  for  crashing  gold  ores,  also  to  some  extent  in 
Virginia;  they  are  there  entirely  constructed  of  iron,  or  at  least 
the  facing,  or  grinding  part  of  it  is  made  of  cast-iron ;  and  are 
here  called  Chilian  mills.  These  mills  show  one  advantage  to 
the  stamper  mills ;  that  is,  they  may  be  made  to  grind  the  ore 
very  fine ;  and  where  that  is  necessary,  as  it  is  with  many  gold 
ores,  these  mills  are  advantageous.  But  there  is  one  serious 
draivback  to  these  machines :  they  require  much  power  in  pro- 
portion to  their  effect,  and  much  room.  A  strong  mill  of  this 
kind  requires  from  4  to  6  horse-power,  with  which  it  will  grind 
from  40  to  50  bushels  of  ore  in  12  hours,  that  is,  ten  bushels  to 
a  horse-power.  One  horse-power  will  drive  one  stamper  in  a 
stamp-mill,  and  that  stamper  will  crush  at  least  30  bushels  in  the 
same  lime, — a  consideration  which  is  of  importance  where  wages, 
power,  and  time  are  valuable. 

After  the  crushing  is  performed,  the  sand,  including  gold,  is  con- 
ducted over  hides,  which  retain  the  gold,  and  the  sand  is  floated 
away.  The  gold  and  sand  from  the  hides  are  removed,  when  the 
latter  are  filled,  to  an  amalgamating  machine,  which  combines  the 
gold  with  quicksilver,  and  admits  the  sand  to  flow  off.  Instead  of 
hides,  woollen  blankets  are  also  used  for  gathering  the  gold,  and 
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there  is  a  diversity  of  opinions  as  to  the  merits  of  either.  Blan- 
kets, it  is  contended,  are  more  expensive  than  hides,  but  they 
have  the  advantage  of  working  more  uniform.  Hides  are  cheaper, 
but  they  lose  their  hairs  or  wool  very  soon,  and  are  then  not  fit 
to  do  good  work.  Hides  of  short,  curly  wool  are  selected ;  these 
are  spread  on  the  ground,  and  over  these  the  water,  sand,  and 
gold  are  led  in  a  broad  sheet.  In  other  instances  shaking-tables 
are  suspended  at  the  discharge  of  the  stampers,  which  gather  the 
gold  and  some  sand.  Shaking-tables  are  wooden  platforms  of 
8  or  10  feet  long,  and  firom  8  to  4  feet  wide,  made  of  2-inch  plank 
well  joined  together,  and  the  whole  smoothly  planed.  Aroimd 
the  edges  of  the  table  are  projecting  ribs,  which  prevent  the  water 
firom  Slowing  over  the  edges.  In  suspending  this  table,  a  little 
inclined  to  the  horizontal,  leading  the  sand  and  water  over  it  in 
a  broad  sheet,  and  applying  a  gentle  shaking  motion  to  it,  the 
gold  will  sink  to  the  bottom  and  move  gently  down  the  plane ; 
it  is  arrested  at  the  lowest  end  of  the  table  by  a  projection  on  the 
table.  In  either  of  the  above  cases  the  gold  is  brought  to  the 
amalgamating  machine  for  amalgamation. 

Most  of  the  gold-mining  establishments  are  provided  with 
Chilian  mills  for  crushing  the  ore.  We  furnish  a  description  of 
it  in  its  simplest  form  in  fig.  865,  in  which  form  most  of  these 
machines  are  erected.  Still,  there  are  some  machines  of  this  kind 
in  North  Carolina,  which  work  by  four  or  five  runners  or  crushers 
in  one  trough. 

In  fig.  866  is  such  a  machine  represented  as  it  is  in  operation 
at  Gbldhill.    It  is  a  cast-iron  circular  trough  of  about  16  feet 


Fio.  366. 


diameter,  10  inches  wide,  and  6  inches  deep ;  the  trough  is  firmly 
fixed  upon  the  floor  of  the  mill.  In  this  trough  five  travellers  or 
head-stones  are  moving,  of  3  feet  diameter  and  6  inches  thick, 
rounded  on  the  edge,  made  of  cast-iron.    These  travellers  are 
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fixed  to  the  revolving-sliaft  in  the  centre,  and  are  moved  bj  it 
The  circular  trough  is  supplied  with  coarsely  broken  ore  and  a 
constant  current  of  water,  which  hitter  washes  oS  all  the  light 
impurities,  and  leaves  the  gold  in  the  trough.  At  the  close  of 
every  day's  work  the  trough  is  supplied  with  some  quicksilver, 
which  is  worked  in  it  for  ^  or  i  hour's  time,  in  which  time  it  ab- 
sorbs the  gold,  and  is  then  removed  as  amalgam.  The  water  &om 
these  mills  is  generally  conducted  into  other  machines,  in  which 
some  of  the  fine  gold  which  passes  Jrom  the  first  machine  is 
gathered.  In  most  cases  a  Bhallow  round  basin,  of  about  4  feet 
diameter,  is  appended,  in  which  a  rake  moves  around  with  a  ver- 
tical axis,  gently  stirring  the  sediment  which  may  settle  from  the 
passing  water.  It  retains  only  the  heavy  particles.  In  other  in- 
stances, Sullivan  bowls  (  a  small  machine  which  derived  its  name 
from  the  inventor,  residing  in  North  Carolina)  are  appended;  these 
gather  the  heavy  parts  which  may  escape  the  previous  machines. 
A  Sullivan  bowl  is  represented  in  fig.  367.  A  vertical  wooden 


shaft  of  about  18  inches  long  and  2  inches  square  carries  on  the 
lower  part  a.  shallow  vessel  or  bowl  B,  about  2  inches  deep  and 
18  inches  in  diameter.  This  bowl  is  formed  of  a  wooden  bottom 
and  sheet-iron  periphery.  This  bowl  receives  the  water  from  the 
other  machines  at  or  near  its  circumference,  and  dischai^es  at  the 
centre.  By  the  lever  A,  the  machine  ia  set  in  a  rocking  motion, 
caused  by  a  crank  connected  with  the  same.  This  machine  ga- 
thers a  great  deal  of  fine  gold,  but  it  is  an  expensive  machine, 
because  they  work  but  little  water,  and  it  requires  many  machines 
to  do  the  work  of  a  small  establishment 

The  gold  from  the  various  machines,  mixed  with  some  sand 
and  other  impurities,  is  carried  to  the  Chilian  mill  for  amalgama- 
lion,  in  case  there  is  no  other  machine  for  doing  that  work. 
This  is  an  imperfect  machine  for  amalgamation,  and  causes 
kieses  in  quicksilver  and  gold.     In   most  cases   separate  ma- 
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chines  are  used  for  amalgamation ;  in  North  Carolina  the  cra- 
dle is  generally  employed.  The  cradle  is  made  from  the  trunk 
of  a  tree,  hollowed  out  so  as  to  form  a  round  trough,  closed  at  one 
end  and  open  at  the  other,  as  represented  in  fig.  368. 

Here  is  a  battery  of  5  cradles  represented :  as  many  as  that 
are  frequently  connected  and  moved  by  a  little  boy.  A  cradle  is 
from  10  to  12  feet  long,  hollowed  out  of  a  trunk  of  at  least  24 
inches  diameter.  The  bottom  part  is  thicker  than  the  sides.  The 
first  cradle  in  the  drawing  shows  a  section.  We  see  here  three 
or  more  grooves  carved  in  the  bottom;  in  each  of  these  grooves 
from  3  to  4  pounds  of  quicksilver  are  put.  At  the  farthest  end 
sand  is  shovelled  in  and  water  led  upon  it,  the  cradles  being  a 
little  inclined  towards  the  discharge.  A  gentle  current  of  water 
will  have  a  tendency  to  wash  sand  and  every  thing  else  down  the 
trough,  the  trough  being,  in  the  mean  time,  in  a  rocking  motion, 
which  assists  the  water  in  washing  oflf  every  thing.  The  quick- 
silver in  the  grooves  is  also  in  constant  motion,  by  which  the 
heavy  granules  of  gold  gliding  down  on  the  bottom  are  arrested 
by  it,  while  the  lighter  matters,  as  sand,  &c.,  are  not  attracted, 
and  pass  over  the  mercury.  These  machines  are  very  eflTective, ' 
but  work  slow,  and  lose  much  of  the  fine  suspended  gold.  Other 
amalgamating  machines  have  recently  been  put  in  operation; 
their  efiicacy  is,  however,  not  settled,  and  we  hesitate  to  describe 
them.  In  North  Carolina  the  German  barrel  amalgamation  has 
been  introduced  within  a  few  months,  but  we  are  not  informed  of 
the  results.  In  Virginia,  amalgamating  machines  of  novel  pat- 
terns have  been  tried,  but  we  are  not  acquainted  with  their  effects. 

All  amalgamating  machines  suffer  under  a  common  evil — they 
cannot  work  all  the  water  as  it  if3sues  from  the  crushing  machines 
to  advantage.  In  all  instances  half  the  golden  contents  of  the 
ore  are  lost.  This  is  owing  partly  to  the  clayish  condition  of  the 
ore,  which  clay  incloses  particles  of  gold  and  carries  it  off,  and 
partly  to  the  extreme  division  of  the  gold  in  the  ores  of  these 
regions,  particularly  in  North  Carolina.  This  minute  division 
causes  the  gold  to  be  suspended  in  water,  and  in  that  condition  it 
is  carried  away  by  the  current.  A  good  amalgamating  apparatus, 
which  will  work  the  water  directly  from  the  crushing  machines,  rub 
off  clay  and  other  matter  from  the  particles  of  gold,  so  as  to  make  it 
adhere  to  the  quicksilver,  and  which  does  not  lose  any  quicksilver, 
is  still  a  desideratum  in  the  Southern  gold-mining  districts. 

Gold,  gathered  by  quicksilver,  forms  a  white  amalgam.    In 
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the  amalgamating  machines  a  sniplos  of  qoickaQver  is  naed  to 
secure  the  fluiditj  of  the  mercury;  for  if  it  gets  slimj,  or  still 
worse,  plastic,  like  claj,  it  will  not  absorb  any  more  gold  with 
facility.  The  fluid  amalgam  is  pressed  through  a  soft  leather  or 
a  piece  of  close  canvas,  to  remove  the  superfluous  mercury ;  after 
which  a  solid  amalgam,  called  quick,  remains  in  the  bag.  The 
quicksilver  which  passes  through  the  bag  retains  always  some 
gold  in  solution,  the  quantity  of  which  varies  according  to  the 
stuff  through  which  it  has  been  squeezed.  The  amAlgami  thus 
obtained  contains  from  30  to  70  per  cent,  of  gold,  according  to 
the  mode  of  working  and  the  quality  of  the  ore.  The  quick 
from  the  Chilian  mills  generally  contains  but  from  80  to  40 
per  cent  of  gold,  while  that  from  stampers  contains  seldom 
less  than  40,  and  in  most  cases  frt>m  50  to  60  per  cent,  ok 
gold.  This  circumstance  appears  to  speak  in  favor  of  the 
stamps ;  the  difference  in  the  contents  of  gold,  in  the  ^TnAlg^m^  is 
owing  to  its  division ;  the  finer  the  gold  the  less  of  it  the  amalgam 
contains.  The  dry  amalgam  is  distilled  in  an  iron  retort,  lined 
with  clay ;  a  red  heat  will  drive  off  the  mercury,  which  is  con- 
densed by  leading  it  into  cold  water.  The  gold  remains  in  the 
retort  in  the  form  of  a  powder,  which  is  collected,  melted  in  a 
crucible  along  with  some  saltpetre,  and  cast  into  iron  moulds, 
forming  square  bars  of  about  one  pound  weight  each.  One  pen- 
nyweight of  gold  of  the  Virginia  mines  is  generally  worth  from 
90  to  92  cents.  North  Carolina  gold  contains  more  silver  than 
the  first,  and  a  pennyweight  is  seldom  more  than  90,  and  in  xhe 
majority  of  cases,  from  ^0  to  90  cents  to  the  pennyweight  CaU- 
fornia  gold  ranges  from  75  to  90  cents. 

In  Virginia  and  North  Carolina  gold  orc^s  are  mined,  crushed, 
and  amalgamated,  which  yield  but  the  150,CKX)th  part  of  gold  to 
the  bulk  of  ore,  and  these  ores  are  worked  with  profit  The 
Kussel  Mining  Co.  in  North  Carolina,  which  operates  12  or  more 
Chilian  mill<,  works  ore  which  yields  10  cents  of  gold  to  the 
bushel,  or  100  pounds  of  ore,  with  profit.  The  Louisa  Mining  Co., 
which  employs  stampers  for  crushing,  shows  that  ores  which  yield 
7  cents  in  the  bushel  may  be  worked,  and  pay  expenses  and 
profit  There  are  inexhaustible  stores  of  gold  ores  in  the  South- 
em  States ;  it  requires  nothing  but  industry  to  make  its  produc- 
tion profitable. 

Silver. — Argent,  Fr.;  silber,  Germ,;  argentum,  LaL  Native 
silver  is  frequently  found ;  it  appears  crystallized,  but  chiefly  in 
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irregular  concretions,  often  in  the  form  of  fine  hairs.  Generally 
it  is  combined,  or  alloyed,  with  gold,  quicksilver,  antimony,  ar- 
senic. It  appears  as  sulphuret  in  connection  with  the  sulphurets 
of  most  other  metals. 

Pure  silver  is  the  brightest  of  the  metals,  of  a  beautiful  white 
color  and  rich  lustre.  Its  specific  gravity  is  10'47.  It  is  a  little 
more  fusible  than  gold,  but  in  practice  we  find  it  generally  the 
reverse,  which  is  owing  to  the  alloys  of  the  two  metals,  which 
have  a  more  softening  influence  upon  gold  than  upon  silver. 
Silver  is  exceedingly  malleable,  but  not  so  much  as  gold ;  it  crys- 
tallizes very  readily  when  exposed  for  some  time  to  the  influence 
of  heat  in  a  melted  state,  but  not  so  when  alloyed  to  other  metals. 
This  latter  quality  of  silver  has  been  made  available  in  practice, 
in  refining  lead  for  silver.  If  silver  bearing  lead  is  exposed  to  a 
melting  heat,  the  silver  will  not  crystallize  along  with  some  lead. 
Lead  crystallizes  more  readily  in  this  case,  and  these  crystals  may 
be  removed  from  the  fluid  mass  by  an  iron  dipper  pierced  with 
small  holes.  The  crystals  of  lead,  thus  freed  from  the  largest 
part  of  their  silver,  are  melted  and  converted  into  pigs  and  sold. 
After  repeated  melting  and  crystallization,  the  remaining  fluid  is 
rich  in  silver,  and  is  now  refined  in  the  common  way. 

Silver  ores  are  of  great  variety :  there  is  antimonial  silver, 
found  in  Mexico  and  Europe ;  sulphuret  of  silver,  almost  every 
where ;  also  the  mixtures  of  sulphuret  of  silver,  with  other  me- 
tallic sulphurets ;  chloride,  carbonate,  and  tellurate  of  silver  are 
curiosities  of  little  practical  value.  Most  of  the  silver,  and  in  the 
United  States  exclusively,  is  derived  from  the  sulphuret  of  lead, 
from  galena.  In  the  Union  we  have  but  one  establishment  which 
manufactures  silver  to  some  extent ;  it  is  the  Washington  Min- 
ing Company,  in  North  Carolina.  As  the  production  of  silver 
from  its  ore  is  generally  conducted  on  the  same  principles,  and  as 
the  operation  at  the  Washington  mine  may  be  considered  one  of 
the  most  difficult  cases,  on  account  of  the  composition  of  its  ore, 
we  will  describe  the  operation  in  this  instance. 

The  ore  at  this  establishment  consists  chiefly  of  brown  sul- 
phuret of  zinc,  which  is  largely  mixed  with  galena,  copper,  and 
iron  pyrites ;  it  contains  silver,  gold,  and  other  metals.  The  ore 
as  it  comes  from  the  mine  is  broken  into  coarse  fragments,  and 
roasted  in  heaps  in  the  open  air,  in  the  manner  described  before. 
The  roasting  is  performed  altogether  by  wood  and  wood  charcoaL 
After  the  first  roasting  the  piles  are  picked  over  for  such  ore 
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vhich  is  irell  roasted,  and  that  whicb  is  too  much  roaated.  This 
is  brought  to  the  stampers,  crushed  into  a  fine  powder,  and 
washed,  so  as  to  carry  off  all  the  oxidized  zinc  and  quartz.  If 
the  ore,  after  its  being  crushed,  is  found  to  be  imperfecUj  roasted, 
it  is  retomed  to  the  yard  and  once  more  subjected  to  roasting. 
That  port  of  the  ore  which  is  rejected  in  the  yard  is  piled  and 
roasted  along  with  some  fresh  ore  from  the  mine.  Id  this  way 
it  may  happen  that  some  of  the  ore  is  exposed  to  several  heats. 
The  roasting  operation  is  not  considered  to  be  finished  until  all 
the  siilphuret  of  zinc  is  destroyed ;  that  is,  until  the  zinc  is  de- 
prived of  its  sulphur  and  converted  into  oxide  of  zinc,  in  which 
form  it  may  be  washed  away  by  the  water  at  the  stamping-milL 
The  finely  powdered  ore  consists  now  chiefiy  of  galena,  or, 'in 
case  the  roasting  operation  is  well  performed,  of  oxide  of  lead, 
oxide  of  iron,  oxide  of  copper,  silver  and  other  matter.  This  ore 
is  brought  to  the  smelting-furaoce,  called  a  high-furnace,  and  hei« 
smelted  along  with  some  fluxes  by  charcoal.     In  fig.  370  such  a 


furnace  is  represented ;  it  is  a  solid  work  of  masonry,  calculated 
to  retain  its  heat  if  once  thoroughly  heated.  The  fire  is  urged  by 
cylinder  bellows,  driven  by  a  steam-engine ;  the  air  to  the  fur- 
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nace  is  supplied  at  the  tuyere  m.  In  consequence  of  the  alternate 
charges  of  coal  and  ore,  the  basin  or  hearth  g  is  regularly  sup- 
plied with  metal,  which  is  removed  at  certain  intervals  of  time, 
so  as  to  afford  room  for  fresh  metal  and  cinder.  In  this  manner 
about  one  ton  of  lead  is  obtained  in  12  hours,  which  is  removed 
and  put  aside  for  refining.  The  composition  of  the  ore,  which 
makes  its  perfect  roasting  difficult,  renders  it  necessary  to  make 
large  additions  of  iron  ore  to  the  posts  of  ore.  The  iron  oxide, 
which  is  reduced  in  presence  of  carbon  in  the  furnace,  will  absorb 
the  sulphur  from  the  other  metals  in  case  there  is  any  sulphur 
left  after  roasting.  This  circumstance  renders  the  operation  tedi- 
ous and  slow.  It  cannot  be  avoided  but  by  perfect  roasting, 
which  may  be  considered  practically  impossible  in  this  instance. 
The  presence  of  zinc  is  what  renders  the  operation  tedious  and 
expensive.  If  the  zinc  is  not  removed  to  a  large  extent,  it  will, 
in  smelting  the  ore,  carry  off  by  evaporation  much  of  the  other 
metals,  gold  and  silver  not  excepted.  The  sulphurets  of  zinc 
and  lead  are  very  fusible  if  in  contact.  In  roasting  the  ore  these 
two  sulphurets  will  invariably  melt  together,  which  causes  the 
roasting  process  to  be  either  very  expensive  or  imperfect.  All 
experience  with  a  similar  ore  in  other  parts  of  the  world  are  con- 
firmatory as  to  this  operation  being  expensive. 

The  lead  from  these  blast-ftimaces  is  transferred  to  the  refin- 
ing-furnace.  Formerly  the  English  refining-fumace  was  used  as 
it  is  represented  in  fig.  369,  in  a  longitudinal  section.  Here  is  a 
double,  or  two  furnaces  represented,  which,  as  is  shown,  are  re- 
verberatory  furnaces.  The  fireplace  a  throws  the  flame  over  the 
hearth  or  cupel  into  a  chimney,  which  is  provided  with  a  sliding 
door  at //to  shut  off  the  draft  and  prevent  the  fumes  of  metal 
from  escaping  through  the  stack.  The  cupel  is  formed  of  several 
layers  of  bone-ashes,  mixed  with  wood-ashes ;  this  mass  is  ram- 
med into  an  iron  hoop  when  in  a  moistened  condition.  The  form 
of  this  cupel  is  represented  in  fig.  371 ;  from  above  it  is  a  concave 
egg-shaped  dish,  of  about  5  inches  thick,  the  largest  diameter 
being  4  feet,  the  smallest  2  feet.  When  the  furnace  and  cupel 
are  heated,  the  lead,  previously  melted  in  an  iron  pot,  is  cast  into 
it ;  and  now  the  bellows,  which  are  represented  in  fig.  372,  are 
set  to  work,  a  gentle  current  of  air  is  thrown  over  the  hot  sur- 
face. The  action  of  the  blast  is  here  twofold ;  it  oxidizes  the  lead 
and  forms  litharge  of  it,  and  drives  by  its  force  the  melted  litharge 
to  the  opposite  side  of  the  blast,  or  the  tap-hole,  whjre  it  flows 
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cot  tad  faiia  into  an  iron'  huan,  from  vb«noe  h  is  cwiied  htA 
to  the  emelting-fiuTuce.  The  ierd  of  the  kad  is  in  this  vaj 
gndoally  reduced  if  not  ^pt  up  to  a  eenain  hei^a:  this  im  doK 


l^  CMtiag  in  melted  lead,  which  is  alwavs  ready  melted  in  as 
iron  poL  This  process  is  carried  on  ontil  a  oeitain  qnantiw  ot 
lead  has  been  concentrated  so  far  that  a  little  more  than  one 
Tei^t  of  lead  is  combined  with  an  equal  weight  of  siliTr:  this 
lich  lead  is  taken  out  and  refined  in  a  pn^rlr  prepared  capeL 
If  anffident  rich  lead  is  ready  to  make  from  500  to  10<)0  oooces 
of  silver,  it  is  re&ned  in  a  new  cujjfl.  and  the  direr  melted  into  a 
cake.  The  operation  is  carried  on  as  before  with  the  only  dif- 
ference, that  no  fresh  lead  is  added. 

The  Washington  mine  has  more  recently  iotrodoced  the  Ger 
nutn  refining-fiimace  represented  in  fig.  373,  with  what  sooceas 


we  are  not  aware.  This  iumaoe  is  larger  than  the  above  English 
fomace,  the  cupel  being  at  least  6  feet  diameter.  The  4rawing 
shows  a  section  of  the  furnace,  in  which  the  fireplace  y,  the  tu- 
yeres n  n,  and  the  door  q,  into  which  the  lead  is  charged,  are 
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shown.  In  fig.  374  is  a  ground  plan  of  the  furnace  shown.  Here 
1b  the  flue  x  visible,  which  leads  to  the  stack,  and  which  serves  in 
the  mean  time  to  clear  off  from  the  surface  of  the  melted  lead 


eome  of  the  scum.  The  cupel  of  this  furnace  is  made  entirely  of 
wood-ashes,  which  are  the  refuse  ashes  from  the  soap-wor^  and 
in  this  respect  the  furnace  has  an  advantage  over  the  English  fur- 
nace. The  floor  or  hollow  surface  of  it  is  well  pounded  by  wooden 
mallets,  to  make  it  solid  and  smooth.  About  four  tons  of  lead 
arc  charged  for  one  heat ;  it  is  carefully  laid  upon  the  bottom, 
and  at  first  gently  heated,  so  as  not  to  injure  the  fresh  bottom 
and  dome.  When  the  lead  is  melted,  and  all  ebullition  ceases, 
the  blast  is  thrown  in  at  the  tuyeres  n  n  by  setting  the  bellows  at 
playing  on  the  surface  of  the  melted  metal.  At  first  no  litharge 
is  made,  but  a  dirty  fW)th  of  oxidized  ractals  is  raked  off,  to  facili- 
tate which  formation  of  froth,  fine  charcoal  dust  is  thrown  on  the 
surface.  When  all  the  impurities  of  the  lead  are  removed  in  this 
way,  the  formation  of  litharge  begins,  which  flows  off  at  the  flue 
X.  The  separation  of  the  litharge  from  the  lead  must  be  assisted 
by  a  hook,  because  the  blast  is  generally  not  strong  enough  to 
move  the  fluid  oxide  of  lead  over  the  large  surface  of  the  molten 
mass.  The  cupellation  of  four  tons  of  metal  lasts  from  18  to  20 
hours.  Toward  the  end  of  the  operation  some  silver  is  carried 
off  with  the  litharge,  which  portion  of  litharge  is  therefore  care- 
fully preserved,  to  be  remelted  by  itself  or  along  with  other  ore. 
The  silver  is,  in  this  operation,  obtained  pure  in  the  first  heat;  it 
is  melted  into  the  form  of  a  cake  in  a  cavity  prepared  for  its  re- 
ception in  the  centre  of  the  hearth. 

In  all  these  refining  operations  there  is  an  inevitable  loss  of 
metal,  disappearing  in  the  form  of  fumes,  through  the  chimn^. 
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ThiB  I068  is  variable,  and  may  be  modified  by  the  skill  of  the 
workman  and  the  parity  of  the  lead ;  it  amoontB  on  an  avenge 
to  fix>m  4  to  7  per  cent  of  the  lead  melted. 

The  extraction  of  silver  from  its  ores  by  amalgamation  is  not 
practised  in  the  United  States;  this  process  requires  rich  ores 
and  cheap  qmcksilver.  In  the  old  States  of  the  Union  there  is 
no  prospect  of  seeing  this  process  executed ;  but  in  California, 
where  rich  silver  ores  and  mercury  ores  abound,  there  may  be  a 
probability  of  its  being  executed ;  still  it  is  a  tedious,  expensive 
operation,  which,  at  the  rate  of  wages  paid  in  the  United  States, 
will  not  yield  much  profit.  Amalgamation  is  a  process  not  adapt- 
ed to  our  social  condition ;  it  is  too  laborious  to  secure  success  in 
ordinary  cases  of  common  or  average  ore.  For  these  reasons  we 
do  not  furnish  a  description  of  this  operation.  In  our  condition 
there  is  no  way  of  working  silver  ores  profitably  but  by  smelting 
the  ore  and  refining  the  lead ;  or,  in  some  instances,  the  new  pro- 
cess introduced  last  year  into  European  establishments  may  an- 
swer our  purposes. 

Some  of  the  silver  smelt-works  of  Germany  have  been  in  a 
condition  of  working  poor  ores,  which,  in  many  instances,  have 
not  covered  the  expenses  of  smelting  or  amalgamation,  which 
must  be  extreme  cases,  considering  German  industry  and  perse- 
verance. A  process  has  been  introduced  within  a  short  time, 
which  promises  to  advance  the  interest  of  the  metallurgy  of  silver 
greatly.  The  operation  is  as  follows :  Silver  ores  which  may  be 
poor  or  contain  more  or  less  silver,  are  coarsely  broken  or  stamped, 
and  then  carried  to  a  reverberatory  furnace ;  here  the  ore  is  heated 
to  redness,  calcined,  and  in  that  state  from  2  to  5  per  cent,  of 
common  salt  is  added  to  the  ore ;  the  whole  kept  in  that  degree 
of  heat,  and  stirred  by  iron  bars  for  some  hours.  The  object  of 
this  operation  is  to  transform  the  silver  contained  in  the  ore  into 
chloride  of  silver,  which  is  so  much  more  easy,  as  silver  has  a 
predominating  affinity  for  chlorine.  If  the  operation  of  heating 
is  perfected,  the  red-hot  ore  Ls  drawn  from  the  furnace  and  thrown 
hot  into  a  boiling  concentrated  solution  of  common  salt.  The 
hot  salt  solutionr  will  dissolve  the  chloride  of  silver,  and  it  is  kept 
in  solution  so  long  as  that  solution  is  boiling-hot ;  it  is  therefore 
necessary  to  filtrate  it  in  this  condition.  To  the  liot  and  filtrated 
solution  a  little  muriatic  acid  is  added,  and  then  some  coarse 
pieces  of  crude  copper ;  which  latter  precipitates  all  the  silver  in 
a  metallic  state,  in  the  form  of  a  fine  powder :  this  is  gathered 
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and  melted  in  a  crucible ;  it  is  pure  silver.  This  process  is,  to  all 
appearances,  simple,  and  is  in  fact  so ;  but  it  requires  an  expert 
chemist  to  execute  the  operation.  K  there  is  only  copper,  iron; 
and  silver  present  in  the  ore,  the  operation  is  simple ;  but  if  there 
is  gold,  lead,  or  quicksilver  in  the  ore,  the  case  is  not  so  easily 
managed ;  for  the  gold  will  not  pass  with  the  silver  into  the  solu- 
tion, and  the  chlorides  of  lead  and  quicksilver,  which  are  soluble 
in  the  same  manner  as  chloride  of  silver,  are  precipitated  by  the 
same  means.  The  application  of  this  process  to  our  Southern  ores 
is  diflBcult,  but  it  may  be  an  extremely  useful  process  in  applying 
it  to  the  argentiferous  stamp-work  of  the  Lake  Superior  copper 
ores. 

The  silver  ores  of  the  Southern  gold  region,  such  as  are 
smelted  at  the  Washington  mines,  yield  from  200  ounces  to  300 
ounces  of  silver  in  a  ton  of  lead ;  the  ore  itself  contains  on  an 
average  8  per  cent,  of  lead ;  the  other  matter  is  zinc,  iron,  copper, 
tin,  and  chiefly  sulphur.  The  silver  is  worth  $1,80  the  ounce, 
because  it  is  alloyed  with  a  large  portion  of  gold,  which  raises  its 
value  to  double  the  value  of  pure  silver. 

Mercury, — Syn.^  quicksilver;  Oerm,,  quecksilber;  Lat,  hy- 
drargyrum, has  been  known  from  early  historical  times.  The 
most  important  mines  used  to  be,  and  are  still,  in  Spain ;  besides 
which,  mercury  is  made  in  Idria  and  Western  Germany,  in 
Mexico  and  California.  This  subject  is  of  more  iinportance  to 
the  United  States,  since  the  acquisition  of  California,  than  it  was 
previous  to  that  time ;  not  only  in  respect  to  the  manufacture  of 
the  metal  itself,  but  in  its  relation  to  the  gold  and  silver  ores. 
The  quicksilver  mines  of  California  had  been  worked  before  its 
annexation,  but  these  mines  never  attracted  so  much  attention 
as  they  have  done  since  that  country  became  a  part  of  the  Union. 
The  principal  mines  in  California  are  the  Guadalupe  and  the 
New  Almadan  mines,  which  are  some  miles  distant  from  each 
other,  and  not  far  in  the  interior  of  the  country.  The  ore  in 
these  i)laces  is  a  beautiful  sulphuret,  cinnabar,  of  a  bright,  fiery- 
red  color,  and  yields  from  60  to  70  per  cent,  of  mercury.  The 
successful  operation  of  these  mines,  and  a  reduction  of  the  price 
of  quicksilver  in  consequence,  is  an  important  object  to  the  silver 
mines  of  California,  Mexico,  and,  in  fact,  to  all  the  silver  mines 
along  the  Pacific  coast 

The  extraction  of  quicksilver  from  its  ores  is  a  very  simple 
operation:  but,  as  economy  is  desirable  in  all  operations  of  this 
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kind,  we  will  describe  the  most  perfect  apparatus  invented  for 
this  kind  of  work — it  is  that  constructed  by  Dr.  Andrew  Ure  for 
ar  European  establishment  of  this  kind. 

Fig.  376  shows  a  section  of  a  furnace  parallel  with  the  front 
elevation  represented  in  fig.  876  aaa are  iron  retorts ;  the  whole 
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furnace  contains  9  of  them.  I  is  the  fireplace,  designed  either 
for  coal  or  wood.  The  upper  retort  is  protected  against  the 
direct  contact  of  the  flame  by  fire-bricks.    K  K  shows  the  flues 
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for  the  escape  of  the  burnt  gases.  The  whole  arrangement  is 
shown  in  fig.  377  very  distinctly.  The  two  ends  of  the  retort,  a, 
are  shut  by  two  iron  lids,  secured  by  cross-bars  and  screw-bolts, 
luted  with  clay.  The  one  end  of  the  retort  is  provided  with  an 
iron  pipe  6,  which  leads  into  a  long  condenser  e,  and  from  thence 
into  the  receiver  D,  e.  The  hole  L  is  designed  for  the  introduc- 
tion of  an  iron  wire,  in  case  any  disturbance  should  happen  in 
the  pipe  6,  where  dirt  from  the  ore  may  ac<iumulate  and  ob- 
struct the  passage  of  the  mercury  vapors.  The  pipe,  c,  is  always 
partly  fiUed  with  quicksilver,  and  kept  cool  by  water  contained 
in  a  trough  which  surrounds  it. 

The  retorts  are  kept  in  constant  ignition,  and  a  charge  is 
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worked  in  three  hours'  time,  each  charge  consisting  of  5  cwts.  of 
ore.  The  ore  is  finely  broken,  and  mixed  with  a  portion  of  quick- 
lime or  porous  magnetic  iron  ore,  and,  if  it  can  be  had,  with  both. 

Pio.  377, 


mixed  together.  The  quantity  of  lime  or  iron  depends  upon  the 
quality  of  the  ore  ;  pure  ore  requires  more  of  it  than  impure  ore. 
The  quantity  of  quicksilver  made  in  one  retort  per  day  depends 
also  on  the  richness  of  the  ore :  the  California  ore  ought  to  pro- 
duce at  least  600  lbs.  in  24  hours  in  one  retort,  which  will  be  for 
9  retorts  nearly  2  tons  and  a  half  per  day.  The  retorts  are 
charged  and  discharged  from  behind,  so  as  to  leave  the  con- 
densing apparatus  undisturbed. 

Platinum  is  a  metal  of  a  grayish-white  color,  resembling  in  a 
good  measure  polished  steel.  It  is  harder  than  silver,  and  of 
about  double  its  density,  being  of  specific  gravity  21.  It  is  so  in- 
fusible, that  no  considerable  portion  of  it  can  be  melted  by  the 
strongest  heats  of  our  furnaces.  It  is  unchangeable  in  the  air  and 
water ;  nor  does  a  white  heat  impair  its  polish.  The  only  acid 
which  dissolves  it,  is  the  nitro-muriatic ;  the  muriate  or  chloride 
thus  formed,  affords,  with  pure  ammonia  or  sal  ammoniac,  a  triple 
salt  in  a  yellow  powder,  convertible  into  the  pure  metal  by  a  red 
heat.  This  character  distinguishes  platinum  from  every  other 
metal. 

The  cavities  of  the  rough  grains  are  often  filled  with  earthy 
and  ferruginous  matters.  Their  specific  gravity  is  also  much  lower 
than  that  of  forged  pure  platinum,  and  is  owing  to  the  presence  of 
iron,  copper,  lead,  and  chrome  ;  besides  its  other  more  lately  dis- 
covered metallic  constituents,  palladium,  osmium,  rhodium,  and 
iridium. 
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The  whole  of  the  platinum  ore  from  the  Urals  is  sent  to  St. 
Petersburg,  where  it  is  treated  by  the  fbllowing  simple  process, 
described  by  Dr.  Ure. 

One  part  of  the  ore  is  put  in  open  platina  vessels,  capable  of 
containing  from  6  to  8  pounds,  along  with  3  parts  of  muriatic 
acid  at  25°  B.  and  1  part  of  nitric  acid  at  40°.  Thirty  of  these 
vessels  are  placed  upon  a  sand-bath  covered  with  a  glazed  dome 
with  movable  panes,  which  is  surmounted  by  a  ventilating  chim- 
ney to  carry  the  vapors  out  of  the  laboratory.  Heat  is  applied 
for  8  or  10  hours,  till  no  more  red  vapors  appear ;  a  proof  that 
the  whole  nitric  acid  is  decomposed,  though  sopie  of  the  muriatic 
remains.  After  settling,  the  supernatant  liquid  is  decanted  off 
into  large  cylindrical  glass  vessels,  the  residuum  is  washed,  and 
the  washing  is  also  decanted  off.  A  fresh  quantity  of  nitro-muri- 
atic  acid  is  now  poured  upon  the  residuum.  This  treatment  is 
repeated  till  the  whole  solid  matter  has  eventually  disappeared. 
The  ore  requires  for  solution  from  10  to  15  times  its  weight  of 
nitro-muriatic  acid,  according  to  the  size  of  its  grains. 

The  solutions  thus  made  are  all  acid ;  a  circumstance  essential 
to  prevent  the  iridium  from  precipitating  with  Ihe  platinum,  by 
the  water  of  ammonia,  which  is  next  added.  The  deposit  being 
allowed  to  form,  the  mother-waters  are  poured  off,  the  precipitate 
is  washed  with  cold  water,  dried,  and  calcined  in  crucibles  of  pla- 
tinum. 

The  mother-waters  and  the  wasliings  are  afterwards  treated 
separately.  The  first  being  concentrated  to  one  twelfth  of  their 
bulk  in  glass  retorts,  on  cooling  they  let  fall  the  iridium  in  the 
state  of  an  ammoniacal  chloride,  constituting  a  dark-purple  pow- 
der, occasionally  crystallized  in  regular  octahedrons.  The  wash- 
ings are  evaporated  to  dryness  in  porcelain  vessels ;  the  residuum 
is  calcined  and  treated  like  fresh  ore ;  but  the  platinum  it  affords 
needs  a  second  purification. 

For  agglomerating  the  platinum,  the  spongy  mass  is  poimded. 
in  bronze  mortars  ;  the  powder  is  passed  through  a  fine  sieve,  and 
put  into  a  cylinder  of  the  intended  size  of  the  ingot.  The  cylin- 
der is  fitted  with  a  rammer,  whic^h  is  forced  in  by  a  coining  press, 
till  the  powder  be  much  condensed.  It  is  then  turned  out  of  the 
mould,  and  baked  36  hours  in  a  porcelain  kiln,  after  which  it  may 
be  readily  forged,  il*  it  be  pure. 

THE  END. 
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